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Reliable, robust data is fundamental to effective decision-making. Species 
observations are used as evidence in a range of areas that work towards conserving 
biodiversity. Decisions made on these data are only well informed if the species have 
been accurately identified. Moreover, the misidentification of species can have 
widespread socio-economic impacts. Despite these important applications of species 
data, the possibility of accuracy, error, and bias in species identification remains 
largely unexplored. Both volunteers and professionals conduct species identification, 
and in its simplest form, this process is a judgement made by reference to 
identification aids, or from prior knowledge. This thesis aims to fill an essential 
knowledge gap by investigating accuracy in species identification between individuals, 
across levels of expertise, and the levels of agreement between individuals with 
similar experience. Applying methods from forensic face recognition research, 
individuals with varying levels of expertise, and interest in biodiversity, participated in 
a series of simple image-based tasks. These tasks involved online, pairwise matching 
tasks under optimised conditions, and sorting tasks with images downloaded from 
Internet sources. This study shows that decisions on species identification are highly 
variable between individuals, and high levels of accuracy are achievable by experts 
and non-experts. Moreover, experience is no guarantee of accuracy, and inter-specific 
disparity does not always exceed intra-specific variation. There is a need for a simple, 
principled method for assessing identification accuracy, which can be performed by 
experts and non-experts alike. This method also needs to be sensitive enough to 
capture individual differences. Improvements in technology have led to an increase in 
data being collected from previously inaccessible areas, and citizen science has 
widened participation. However, as data collection adapts to incorporate changes in 
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how species observations are collected and by whom, methods for assessing and 
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And terrible teeth in his terrible jaws? 
He has knobbly knees and turned-out toes 
And a poisonous wart at the end of his nose. 










Anyone familiar with the sWRU\ZLOOUHFRJQLVHµWKLVFUHDWXUH¶DVWKHHSRQ\PRXV
µ*UXIIDOR¶'RQDOGVRQThis story of a mouse portraying a dangerous, 
mythical creature to survive the perils of the forest demonstrates the power of 
description. When it subsequently transpires that this creature is in fact real, the 
PRXVHFRQWLQXHVWRXVHWKHFUHDWXUH¶VSUHVHQFHWRLWVDGYDQWDJH7KLVGHVFULSWLRQ
PD\EHORQJLQDVWRU\ERRNRUDFKLOG¶VLPDJLQDWLRQEXWLWLVZRUWKQRWLQJWKDWthere 
is DVFLHQWLILFGHVFULSWLRQIRUWKHµ/RFK1HVV0RQVWHU¶ (Nessiteras rhombopteryx). 
Based on a grainy image of a supposed flipper, this was an attempt to protect the 
species in case it did exist, as protection under UK legislation is not granted without 
a valid Latin name (Scott & Rines 1975). Paradoxically, another creature that lacks a 
specimen on which the species was scientifically described and named (known as a 
holotype) is the modern human (Homo sapiens) (Spamer 1999). This process of 
describing and naming specimens, known as taxonomy, assigns a unique name to a 
taxon, and species identification is the application of this unique identifier to an 
unknown organism. Species identification is performed on a daily basis, for example 
in species counts, monitoring disease outbreaks, and the movement of wildlife across 
borders. While accurate species identification is fundamental to providing reliable 
data, avoiding misidentification is equally important, as it can have negative socio-
economic impacts. Despite these implications, little is known about how well 
humans perform in this seemingly simple task. 
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The diversity of life on Earth is well studied, yet the number of species in existence 
remains unknown. During 250 years of modern taxonomic classification, over 1.2 
million species descriptions have been catalogued (Mora et al. 2011), and this 
process of assigning a unique name to a species means that a universal identifier 
exists for every known species. However, the true number of species is difficult to 
determine. Estimates include an approximation of 8.7 million species, with 86% of 
terrestrial species and 91% of marine species yet to be described (Mora et al. 2011), 
and the inclusion of microbial diversity puts the figure over 1 trillion (1012) (Locey 
& Lennon 2016). Although taxonomists routinely define and name species, the 
identification of species is not limited to this specialist community. Species 
identification is a daily occurrence in a range of professional and non-professional 
roles, yet the patterns and processes associated with accurate species identification 
remain largely unexplored. This thesis uses established methodologies from forensic 
face recognition research to investigate accuracy in species identification, and to 
determine if there are any associated patterns of error or bias. 
 
1.1 What is species identification and why is it important? 
Species identification, as well as species misidentification, can have far-reaching 
consequences. The ability to recognise a species, even if we cannot name it, may be 
sufficient in certain circumstances, for example knowing which wild plants are safe 
to eat. Some people associate the ability to identify and name an organism with small 
groups of professionals or enthusiasts, such as taxonomists, keen gardeners or 
amateur naturalists. However, accurate species identification is crucial in many 
domains, and misidentification can impact society in a number of ways. 
 
    3 
1.1.1 Human health and wellbeing 
In terms of human health, species misidentification can affect individuals on 
different scales, from food consumption to those reliant on ecosystems. When a toxic 
food source is mistaken for an edible one, such as errors made when foraging (Public 
Health England 2014, Diaz 2016), it not only causes suffering to the consumer, but 
also places an unnecessary burden on health services. Accurate species identification 
by others can also affect humans directly and indirectly. Statutory bodies are often 
tasked with identifying and monitoring potential dangers to public health, and this 
information relies on accurate species identification. For example, identifying 
species of mosquitoes and their distributions is crucial when attempting to prevent 
and manage malaria outbreaks (Hardy & Barrington 2017). In the UK, Culex 
modestus - found on marshland in Kent - is monitored at all life stages, as it is a 
potential vector for the West Nile virus (Vaux & Gibson 2015). On a larger scale, 
humans are wholly reliant upon ecosystem services. The 1982 United Nations (UN) 
World Charter for Nature and the 1992 Earth Summit in Rio de Janeiro recognised 
the importance of species and habitats to human wellbeing (Farhan Ferrari, de Jong 
& Belohrad 2015). Such ecosystems are often monitored DQGFRQVLGHUHGµKHDOWK\¶by 
the presence or absence of certain species (Díaz et al. 2006). For example, 
dinoflagellates and diatoms act as primary producers, but can also create harmful 
algal blooms (Culverhouse et al. 2003; Hinder et al. 2012). One crucial ecosystem 
service that is of conservation concern is pollination. With over 90% of flowering 
plants in terrestrial ecosystems being pollinated by animals (Memmott, Waser & 
Price 2004), accurate species identification is crucial to understanding the complex 
interactions between plants and pollinators. Accurate species identification is also 
important to food security, for example, the assessment and management of fish 
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stocks (Beerkircher, Arocha & Barse 2009; Tillett et al. 2012), and the monitoring of 
fungal pathogens that cause crops to fail (Crous et al. 2016). In addition to health and 
food security, accurate species identification can also affect local and national 
economies (Nellemann et al. 2016). 
 
1.1.2 Economic impacts  
Food provision, fish stocks, forestry and agricultural activities are of great economic 
importance worldwide. For example, the global economic value of pollination was 
HVWLPDWHGWREH¼ELOOLRQLQ (Gallai et al. 2009). Furthermore, accurate 
assessments of pollinator populations are required to evaluate how any declines in 
pollinators could affect agricultural markets, especially for crops that can only be 
pollinated by single or a few species (Gallai et al. 2009). In addition, the 
international trade in wildlife has positive and negative impacts on economies across 
the world. Illegal wildlife trade has negative impacts on livelihoods and economies 
(Nellemann et al. 2016) and is difficult to value. However, it is thought to be more 
lucrative than the illegal trade in small arms, human organs, and diamonds (Hinsley, 
King & Sinovas 2016). Likewise, the legal wildlife trade is also lucrative, and can 
provide employment, support local and national economies, and can be vital to some 
rural communities (Oldfield 2003). To ensure sustainability of the plants and animals 
being traded, these markets are regulated, and both legal and illegal trade are 
monitored and regulated on a global scale. For example, the Convention on 
International Trade in Endangered Species (CITES) is concerned with over 35,000 
species, as listed in the CITES appendices (CITES 2017). To ascertain which 
specimen is being traded, irrelevant of whether it is a legal or illegal sale, accurate 
species identification is required. This process involves enforcement officials 
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checking paperwork, or seizing suspected illegal items, on which they need to make 
a judgment. This could entail identifying a specimen, or a part of one, which they 
may not have previously encountered. Furthermore, with the increase in illegal trade 
over the Internet (Harrison, Roberts & Hernandez-Castro 2016), enforcement 
officials need to identify species from images rather than specimens, and 
increasingly seeking expert opinion on these images. 
 
Accurate species identification can also have a significant impact on the building and 
development sector. In 2016, the UK construction industry was valued at nearly 
£93.5 billion (Office for National Statistics 2017), and many of these infrastructure 
and housing projects require Environmental Impact Assessments (EIAs) as part of 
the planning process. These assessments determine the potential impact of a 
development on the environment, and are referred to by decision makers and the 
public (Briggs & Hudson 2013). Initial surveys collect data on the presence of 
certain species and habitats, which in turn determines if further surveys are required 
(Treweek 2009). The findings from these surveys lead to decisions on whether a 
project is to be halted, if mitigation measures are to be implemented, or if 
compensation is to be paid (Briggs & Hudson 2013). While costs are incurred in 
surveying, irrelevant of the outcomes, accurate species identification is paramount to 
ensuring that subsequent business decisions are well informed. Halting a 
development can be costly to businesses and the local economy, plus the cost of 
survey and mitigation measures can be difficult to budget for, as the expense can 
vary within and between species. In England alone, the annual cost of mitigating 
against the impact of development on great crested newts (Triturus cristatus) is 
estimated to be between £20 million and £43 million (Lewis, Griffiths & Wilkinson 
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2017). However, the failure to monitor species and implement relevant mitigation 
can also incur financial penalties. When surveying for great crested newts, the 
animals can only be handled under specific licences granted by the relevant UK 
authority, as they are a European Protected Species (EPS). Whether observers are 
aware of this restriction or not, many people choose to photograph rather than handle 
specimens, as they wish to minimise any unnecessary stress or damage to the 
organism or its habitat. However, observations made without handling a specimen 
are not always as informative. When a specimen is handled, the observer has the 
opportunity to view and touch a range of features that may not otherwise be visible 
to them. As a result, many novice observers seek help with identification from those 
with experience or expertise, especially for species of conservation concern. 
 
1.1.3 Monitoring and conserving biodiversity 
The conservation of biodiversity poses an immense challenge. It requires the use of 
existing data, the collection of new data, and the monitoring of wildlife on a vast 
scale (Humphries et al. 1995; Powney & Isaac 2015). Moreover, when monitoring, 
managing, and sustaining biodiversity, accurate species identification is paramount 
to make these data informative and reliable (Farnsworth et al. 2013). Species 
observations provide evidence of species distributions (Evans et al. 2016), intra- and 
inter-specific interactions, and how species adapt to changing environments (Pimm 
et al. 2015). Human activities are responsible for unprecedented rates of extinction 
(Pimm et al. 1995), with overexploitation and agriculture being the biggest drivers of 
species loss, followed by urban development, invasion, and disease (Maxwell et al. 
2016). Investigating these patterns and processes draws on a variety of information, 
such museum collections (e.g. specimens, label data, illustrations and field notes) 
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(Hill et al 2012), and the modelling of observation data to predict species 
distributions over space and time (Hernandez et al. 2006). The outcomes of these 
studies are reliant on the accuracy of the input data, yet few studies discuss possible 
error rates, or the identification skills of those collecting the data.  
 
Monitoring takes place for a number of reasons, such as general curiosity, legislative 
requirements, or to answer specific questions (Lindenmayer & Likens 2010). 
Emerging technologies have enabled this collection of data to occur in vast 
quantities, and in some cases beyond traditional human observation (Pimm et al. 
2015). An international shift towards evidence-based policy has led to an increase in 
demand for data to inform decisions relating to the conservation of biodiversity 
(Baillie, Collen & Amin 2008; Sutherland & Burgman 2015; Turnhout, Lawrence & 
Turnhout 2016). Such data are used in studies of community ecology (Sih & 
Christensen 2001), extinction risk (Purvis et al. 2000; Roberts, Elphick & Reed 
2010; Boakes, Rout & Collen 2015), biosecurity (Crous et al. 2016), emerging 
diseases (Mysterud et al. 2016), invasive species (Roy & Brown 2015), monitoring 
wildlife trade (Phelps & Webb 2015), and predicting impacts from changes in the 
environment (Jones 2011). Conversely, species for which there are little data remain 
vulnerable as gaps in information create uncertainty. For example, monitoring 
population trends (Baillie, Collen & Amin 2008), setting conservation priorities 
(Rodrigues et al. 2006) and identifying drivers of extinction (Bland & Collen 2016) 
are problematic without reliable baseline information on the species involved 
(Boakes et al. 2015). For data to be beneficial to any decision-making process, it 
must be reliable, robust and accurate. However, observing, identifying and counting 
organisms can be problematic (Elphick 2008), and species misidentification can have 
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serious negative impacts. Examples of this include the accidental culling of the 
WDNDKƝPorphyrio hochstetteri, categorised as endangered by the IUCN Red List 
(BirdLife International 2016) which was mistaken for the destructive pǌkeko 
Porphyrio porphyrio melanotus (Hunt 2015), and public resources being wasted on 
creating a management plan for the extinct ivory-billed woodpecker (Campephilus 
principalis) following a mistaken identification of this bird (Solow et al. 2012).  
 
As well as the socio-economic impacts outlined here, invasive species can also 
threaten biodiversity through mechanisms such as predation, competition, and 
hybridization (Latombe et al. 2016). Managing biological invasions requires accurate 
information on the distribution of native species, as well as non-native species, in 
order to monitor the impact (Latombe et al. 2016). However, detecting novel species 
can be problematic. For example, observer expectations can influence visual 
perception (Kassin et al. 2013), and a correct identification may be discounted if the 
specimen has been observed outside of its expected range. There are numerous 
examples of escapees surviving in the wild, which can often be known locally but 
not recorded nationally. For example, wallabies (Macropus spp.) are occasionally 
recorded in Kent (see https://yRXWXEHY]=)&DWJEXWWKH8.¶V1DWLRQDO
Biodiversity Network Atlas (www.nbnatlas.org) has no records for the county. 
Unusual observations can be referred to specialist individuals or organisations, as 
either specimens or images. However, people are often encouraged to send images in 
the first instance, as this may be more practical and reduces risks associated with 
biosecurity (Government of Western Australia, 2017; Harlequin Ladybird Survey, 
2017). If the image proves to be of interest, a specimen or further observations may 
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be sought, but it is still the initial identification of the image that influences this 
decision. 
 
Species can also be identified through molecular techniques. While these methods 
are widely used, they are still linked to, and used in conjunction with, morphological 
descriptions (Renner et al. 2016). For example, DNA barcoding matches a sequence 
against a reference library of sequences from known species. However, these 
sequences are only as accurate as the identification of the specimen from which the 
material was extracted. Furthermore, without a voucher specimen or image, the 
original identification cannot be visually verified. Genetic methods of identification 
are informative, especially for species that are very similar in morphology (Williams 
et al. 2012). For example, WKHµlucorum¶FRPSOH[RIEXPEOHEHHVBombus) can only 
be distinguished from their DNA (Scriven et al. 2015). However, molecular 
techniques are complementary to, rather than a substitute for, morphology (Will & 
Rubinoff 2004). 
 
1.2 When is a species a species? 
Darwin noted that ³No one definition has as yet satisfied all naturalists; yet every 
naturalist knows vaguely what he means when he speaks of a species´Darwin 1859, 
pg. 101). Despite species being the basic unit for the study of the natural world 
(Mallet 2001; Agapow et al. 2004), there is no agreement on how to define what 
species are, or how we should identify them (Hey 2001; Hey 2006; De Queiroz 
2007).  Strict rules of nomenclature help stabilise the naming of species (Pyle & 
Michel 2008), but identifying and naming a species is quite different to defining 
what a species is (Kunz 2012). John Ray is credited with coining WKHWHUPµVSHFLHV¶
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LQWDNHQIURPWKH/DWLQIRUµNLQG¶:LONLQV. However, there is a 
perennial lack of agreement over what constitutes a species (Mayr 1942; Mayden 
2002; Hey 2001; De Queiroz 2007). Winston (1999) refers to a glut of literature on 
WKHµVSHFLHVSUREOHP¶DQGFRPPHQWVWKDWLWKDVEHHQ³GLVFXVVHGDUJXHGRYHUDQG
symposiumeGWRGHDWK´Up to 27 different species concepts have been suggested 
(Wilkins 2011), difficulties surrounding the species problem is a conflation of the 
function of species concepts with their application. (Mayden 1997). The process of 
evolution results in speciation and adaptation, and many, but not all, species 
concepts relate to how lineages evolve (De Queiroz 2007). In reality, inter-species 
variation is vague and can overlap. Nevertheless, species delimitation is essential for 
organisms to be named and studied (Vane-Wright 2000), and continues to be 
debated. There has been a call for a unified species concept, as contemporary 
concepts share the common element of separately evolving metapopulation lineages 
(De Queiroz 2007). However, there is also an argument that biodiversity is a 
phenotypic concept, and the role of a species is more important than its lineage 
(Freudenstein et al. 2016). 
 
Species arise by a variety of mechanisms, and different species concepts relate to the 
different traits of populations (Agapow et al. 2004). Mayr (1942) discusses the 
dynamic nature of species and that species concepts need to adapt to emerging 
WKHRULHVDURXQGJHQHWLFVDQGHYROXWLRQ0D\U¶VELRORJLFDOVSHFLHVFRQFHSWZKHUHE\
species are defined by their ability (or potential ability) to interbreed, is popular, but 
does not incorporate organisms that reproduce asexually (Queiroz 2005) or that are 
extinct. Table 1.1 is taken from Queiroz (2005), summarising the major species 
concepts in use, and the properties that define them as an alternative species concept. 
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Advances in genetics have meant that taxonomic designations based solely on 
morphology need re-examining, and at scales that differ according to the type of 
organisms being studied (Hendry et al. 2000). The failure to define a single, usable 
concept is a philosophical debate that is likely to continue (Kunz 2012). However, 
continuity can be found in the stability of recognising and naming species, and a 
shared understanding of what that species name means. The publication of a new or 
reclassified species does not mean that the new name is universally adopted, but 
apart from a few exceptions (e.g. Hoser 2015), names generally become accepted 
and synonymy allows any change of species name to be tracked. 
 
Table 1.1. Additional properties frequently considered necessary for separately 
evolving metapopulation lineages to be deemed a species (From Queiroz (2005), pg. 
6603). 
Property Species concept and/or definition 
Potential interbreeding  Biological species concept definition  
Shared specific mate recognition or 
fertilization  
Recognition species concept 
Same niche or adaptive zone  ͒ Ecological species concept 
Monophyly (as inferred from apomorphy 
or exclusive system coalescence of gene 
trees)  
͒ Monophyly version of the phylogenetic 
species concept, genealogical species 
concept 
Form a phenetic cluster (quantitative 
difference) 
Phenetic species concept  
Form a diagnosable group (fixed 
qualitative difference) 
͒ Diagnosable version of the 
phylogenetic species concept, some 
interpretations of the evolutionary 
species concept 
Form a genotypic cluster Genotypic cluster species definition 
 
The human tendency to generate order and understanding has led to the creation of 
discrete taxonomic units along what is essentially a continuum of heritable 
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characters (Heywood 1998; Hey 2001). This classification is critical for discussing 
and studying biological systems, and differences between certain taxa are evident, 
(e.g. insects and mammals, whereas intra- and inter-species disparities are not 
always obvious). 
 
Species variation is heterogeneous (Gaston 2000). When a species is described, a 
µW\SH¶VSHFLPHQLVGHILQHGIRUWKDWQDPHZKLFKDFWVDµWHPSODWH¶IRUWKDWVSHFLHV
(Krell 2004). However, evolutionary processes give rise to intra-specific variation, 
inter-specific similarity, and some species having very different forms depending on 
WKHLUOLIHVWDJH7KHSUDFWLFHRIVSHFLHVLGHQWLILFDWLRQLQYROYHVµWHOOLQJWKLQJV
WRJHWKHU¶DVZHOODVµWHOOLQJWKLQJVDSDUW¶but heterogeneity within and between taxa 
is not standard. Some species undergo metamorphosis, and individuals can differ so 
much at different life stages that they are virtually unrecognisable as the same 
organism (Fig 1.1). These sudden and conspicuous changes in development can be 
found in a range of different taxon groups, for example fish, amphibians, insects, 
jellyfish and plants. For some species, identification can be made at the egg stage 
(e.g. birds ± Class: Aves), at the larval stage (e.g. the caterpillars of butterflies and 
moths ± Order: Lepidoptera), or using a shed exoskeleton (exuviae) (e.g. dragonflies 
±  Order: Odonata, and ladybirds ± Family: Coccinellidae). However, this 
determination is not possible at all non-adult stages. Some larval stages are not fully 
visible, such as lacewings (Family: Chrysopidae), which cover themselves with sand 
grains. Accurate identification may also rely on sexual characteristics that have yet 
to develop, as seen with newts (Family: Salamandridae). Phenotypic plasticity can 
also be temporary or reversible in response to changes in the environment, such as 
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morphological changes observed in tadpoles when encountering predators and 














Figure 1.1. Examples of metamorphosis in a) butterflies (Order: Lepidoptera) 
(askabiologist.asu.edu 2016) and b) jellyfish (Phylum: Cnidaria) (Forêt et al. 2010).  
 
Organisms can also vary within a population, for example polymorphism where 
individuals differ in appearance despite being the same species. Some individuals 
have colour variation, such as all white (leucistic), all black (melanistic), or devoid 
of pigmentation (albino). Populations can be limited to two discrete morphs, as seen 
in sexual dichotomy, or multiple morphs as seen with the harlequin ladybird 
(Harmonia axyridis), which can occur as a result of genetic variation or 
environmental pressures (White & Kemp 2016). Some eusocial insects also exhibit 
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polymorphism, such as termites (Order: Blattodea), and ants, bees and wasps (Order: 
Hymenoptera), depending upon their function within their colony. For example, bees 
have three castes: queens ± breeding females that are larger than the rest of the 
colony; workers ± females that transport nectar and SROOHQXVLQJµSROOHQEDVNHWV¶RQ
their hind legs; and drones ± males whose function is to breed with a queen. These 
different roles result in morphological differences, and for some species all castes 
exhibit the same colours and patterns, while castes of other species differ in 
colouration. Sexual dimorphism is also evident across a variety of taxon groups. It 
can occur in mammals, birds, herpetofauna, invertebrates, and plants (Fairbairn & 
Blanckenhorn 2007), and variation between sexes can occur in form, colour, size and 
behaviour (Blanckenhorn 2005), but not always in the same direction (Owens & 
Hartley 1998). For example, some male spiders are a fraction of the size and 
different in colour to females (Vollrath & Parker 1992) (Fig. 1.2), while male 
southern sea lions (Otaria byronia) are larger than females from birth (Cappozzo & 
Campagna 1991). Such gender differences have resulted in at least one species being 
described as two separate species. One example is the eclectus parrot (Eclectus 
roratus). Vivid colouration in birds was associated only with males, and as the 
female was a vibrant red and blue colour (Fig. 1.2) it was assumed to be a different 
species altogether (Heinsohn 2005). 
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  (a) news.nationalgeographic.com    (b) touchn2btouched.tumblr.com 
Figure 1.2 Examples of sexual dimorphism (a) Male (top) and female golden orb-
weaver (genus Nephila) and (b) eclectus parrot (Eclectus roratus) female (in nest) 
and male. 
 
There are also examples of species imitating other species. Evolution of mimicry in 
nature is widespread (Wallace 2010), with visual mimicry not only being found in a 
range of different taxon groups, but also linked to warning signals (aposematism). 
These signals involve both colour and striations, as animals with one type of 
photoreceptor (monochromats) only see in shades of grey. Different forms of 
mimicry include innocuous organisms mimicking the conspicuous markings of 
poisonous ones (Batesian) (Bates 1862), and mimicry between harmful species 
sharing a common predator (Müllerian) (Kapan 2001). Excellent identification skills 
may help to differentiate between mimics, but a prior knowledge of mimicry is likely 
to encourage an observer to explore certain features that may be otherwise 
overlooked. 
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Centuries of studying the natural world have provided a vast array of knowledge 
concerned with species, their habitats and ecosystems.  However the process by 
which species identification occurs has not been widely studied. Furthermore, little is 
known about accuracy rates among individuals, the effects of expertise and 
experience, or whether differences in accuracy differ according to the morphology, 
life history or function of the organisms being identified. To explore these 
unknowns, a principled, simple method to assess identification accuracy is required, 
and one that does not rely on prior species knowledge. Furthermore, any 
investigation must be sensitive enough to capture individual differences. 
 
One area of research that could help explore such patterns and processes is forensic 
face recognition. Understanding how humans identify, or do not identify, faces has 
been researched extensively over the past 30 years in the domain of Psychology 
(Young & Bruce 2011). Forensic face recognition shows that despite photographs 
EHLQJURXWLQHO\XVHGWRHVWDEOLVKSHRSOH¶VLGHQWLW\visual identification can be 
surprisingly difficult (Bindemann & Sandford 2011). It also shows that individual 
ability to accurately identify faces is highly variable. This field of research not only 
has the potential to provide an understanding of how humans identify other species, 
but could also provide a model by which to test identification abilities. Applying 
these methods to species identification also has the potential to inform the 
development of training aids (e.g. identification guides and training courses), and 
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1.3 Face recognition 
The human face has a simple internal template, consisting of two eyes above a nose 
and a mouth, plus variation in external features such as hair, facial hair and eye 
colour (Longmore, Liu & Young 2014). The ability to easily recognise numerous 
different faces, even from poor quality images (Burton et al. 1999), led to the 
common assumption that humans are accurate in face identification (Hancock, Bruce 
& Burton 2000; Bahrick, Bahrick & Wittlinger 1975). In fact, while humans often 
believe themselves to be expert in recognising faces, problems in eye witness 
testimony show that we are good at identifying familiar faces, but surprisingly poor 
at recognising unfamiliar ones (Jenkins & Burton 2011). 
 
The study of face recognition has generated extensive literature on identification and 
the impacts of misidentification. The identification of faces is routine in a number of 
everyday tasks, for example, in national security and crime investigation. Yet, 
despite its widespread use, it is known to be fallible and highly error-prone (Wells 
1993; Jenkins & Burton 2008). Forensic face matching is the comparison of a pair of 
faces for identification purposes (Burton et al. 2010), which can be the same person 
(LHDµPDWFK¶) or different people (LHDµPLVPDWFK¶). Accuracy in identifying 
whether two images are of the same or different people has proved to be more 
difficult than expected (Kemp, Towell & Pike 1997), as there are a number of 
different limitations to photo identification (Megreya, Sandford & Burton 2013). For 
example, different photos of the same person are frequently thought to represent 
different people (Fig. 1.3) (Bindemann & Sandford 2011; Jenkins et al. 2011). 
Variation in illumination, distance, and different backgrounds can create 
environmental noise (Jenkins & Burton 2011; Lampinen et al. 2014), and the 
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comparison of images differing in quality can reduce accuracy (Bruce et al. 2001). 
However, accuracy has been shown to improve when both images are of high quality 
(Henderson, Bruce & Burton 2001). 
 
  
Figure 1.3. An illustration from Bindemann & Sandford (2011) showing the 
variation in photographs of the same individual taken at different times and varying 
conditions. Accuracy in matching the target to the images was 67% for ID1, 46% for 
ID2, and 58% for ID3, with 38% of observers (n = 24) accurately matching all three 
identification cards.  
 
Studies in applied settings also show poor performance. In one study, over 50% of 
fraudulent photographic credit cards were falsely accepted by supermarket cashiers 
(Kemp, Towell & Pike 1997). Moreover, the cashiers were aware that they were 
participating in a study, plus the photographs were of high quality and taken no more 
than six weeks prior to the study. Another study found that on average, passport 
officers falsely accepted 14% of fraudulent photos, again based on high-quality 
photographs taken a few days before the task (White et al. 2014). Furthermore, 
individual officer performance was highly variable, independent of training or 
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experience, and overall comparable with student participants at an average error rate 
of 20% (White et al. 2014). There is some evidence to suggest that experts trained in 
facial identification are consistently better at identifying CCTV images than 
members of the public (Wilkinson & Evans 2009). However, this study did not 
explore the identification accuracy of individuals, and some of the public 
participants may have performed at expert level.  
 
Progress in face recognition has been limited by methodologies, and a lack of 
ecological validity (i.e. the delivery of an experiment in an attempt to closely 
emulate real-world conditions) (Burton 2013). Until recently, emphasis has been on 
matching images rather than matching identities. There has also been a focus on 
between-person variability (i.e. only using one image per person in face matching 
tasks). However, studies using different images of the same person demonstrate that 
within-person variability is considerable (Bindemann & Sandford 2011; Burton 
2013). Many previous experiments have been delivered under idealised conditions, 
none of which are representative of real life situations, such as the use of a single 
image to represent one identity, using different images of individuals taken on the 
same day, or using images that have all been taken with the same image capture 
equipment, (Jenkins et al. 2011; Burton 2013; Papesh & Goldinger 2014). However, 
while a controlled laboratory environment is unlike everyday scenarios, too many 
distractors may add unnecessary environmental noise (Clutterbuck & Johnston 
2005). %\FRQGXFWLQJUHVHDUFKXQGHUµRSWLPLVHGFRQGLWLRQV¶VWXGLHVXVHVWLPXOLWKDW
contain within person variation, as well as using different image capture equipment. 
However, as the tasks are researching visual cues only, the stimuli (images) lack 
context and personal information. For example, the target and foils (imposters) in 
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Fig 1.3 are presented as faces against a white background and all face forward, but 
they vary in illumination and camera angle, showing that no face presents the same 
image more than once (Jenkins & Burton 2011). However, there is one crucial 
variation that is participant dependent. When accuracy is investigated in terms of 
whether the participant is familiar or unfamiliar with the subject, results are 
remarkably different. 
 
Matching familiar faces is performed with high precision (Jenkins et al. 2011), yet 
when the face is unfamiliar, the results can be very poor (Johnston & Edmonds 
2009). Humans have the ability to recognise family and friends in images that vary 
greatly with pose, age, lighting etc., but the ability to do so with strangers is 
surprisingly error-prone. Bruce et al. (1999) found accuracy with unfamiliar targets 
to be 70%, even under optimal conditions, and Bindemann & Sandford (2011) 
reported accuracy ranging from 60% to 85%, despite the photographic identification 
presented being of the same person. Determining the point at which the unfamiliar 
become familiar is difficult to pinpoint, but the brain is known to process familiar 
and unfamiliar faces differently (Clutterbuck & Johnston 2005). Traditional research 
has focused on recognising familiar faces and memorising unfamiliar ones, but the 
importance of research in matching unfamiliar faces, especially given its widespread 
application in security settings, led to an increase in research in this topic. One of the 
first to do this was The Glasgow Face Matching Test (GMFT) (Burton, White & 
McNeill 2010), which is publically available and still used by researchers. The 
*0)7ZDVDµQHZ¶WHVWIRUXQIDPLOLDUIDFHPDWFKLQJXVLQJdifferent images of the 
same person and found the mean accuracy to be 90%, ranging from 62% ± 100%, 
with performance being better on matches (92%) than mismatches (88%) (Fig. 1.4). 
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However, it should be noted that for mismatches, images are selected to include two 
people that look similar. This may be simply the same gender, or could be the 
inclusion of similar external features (e.g. similar hairs colour, hair style, glasses). 
 
 
Figure 1.4. Examples from The Glasgow Face Matching Test (A) is two different 
people (mismatch) and (B) are the same person (match). (From Burton et al. 2010).  
 
Forensic face recognition provides a template for assessing visual identification 
accuracy. The application of these methods to species identification could provide a 
general indication of observer accuracy, explore differences between those familiar 
and unfamiliar with species, and investigate individual consistency. The findings 
could prove to be important to the management of biodiversity, as there is little 
evidence on how accurate species observation data is, or how it varies within and 
between observers. Matching tasks are relatively simple to deliver, and replicate the 
process by which an observer may compare an image of an unknown specimen with 
images of known specimens to decide if they are the same species. They are also 
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independent of prior species knowledge, which is important for exploring the 
influence of experience and expertise on identification accuracy. Species data are 
collected by novice and experienced observers, although the difference between a 
beginner and an expert is not always clear or permanent.  
 
1.4 Experts and expertise  
What makes an expert? Expert knowledge could be regarded as knowledge on a 
subject not universally known (Martin et al. 2012), but describing an individual as an 
expert is subjective, possibly perceived differently by people outside a community 
than those within it, and can be controversial (Lave & Wenger, 1991; Goldman, 
2001; Ericsson, 2014; Burgman, 2015). Society relies on individuals with relevant 
skills and experience for advice (Burgman, 2015), and while experts are a crucial 
resource in decision-making, their knowledge should be used appropriately (Stilgoe 
& Jones 2006; Sutherland & Burgman 2015). However, knowledge surrounding a 
subject can change, sometimes rapidly, and individuals within a domain also change 
(Fig. 1.5). Although potentially problematic to those seeking expert advice, 
disagreement between experts is to be expected, but overconfidence can result in 
expert judgement not reflecting the uncertainty involved (Martin et al. 2012; 
Dieckmann et al. 2017). 
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Figure 1.5.  Model of a Community of Practice (illustration based on Lave & 
Wenger 2009). This figure illustrates the stages of member integration into a 
community of practice. Those at the centre may also leave the community. 
 
6HPDQWLFVDURXQGWKHXVHRIµH[SHUW¶DQGµDPDWHXU¶FDQEHSUREOHPDWLFHVSecially 
given that µamateur¶ can be used colloquially to describe incompetence rather than 
an unpaid or in a voluntary role. However, face recognition studies show that the 
ability to accurately match faces is not necessarily linked to training or experience. 
Burton et al. (1999) found that police officers with experience in forensic 
identification did not perform any better than students, which corresponds with 
White et al. (2014) findings that passport officers and students performed similarly 
(see section 1.3). However, there is an emergence of individuals with exceptional 
LGHQWLILFDWLRQVNLOOVNQRZQDV³VXSHU-UHFRJQLVHUV´5XVVHOO'XFKDLQH & Nakayama 
2009). These abilities may be evident to individuals before they seek employment in 
professions that perform face-matching tasks (e.g. police forces, passport officers, 
and security agencies), but can become apparent through internal recruitment or 
training (Bobak, Hancock & Bate 2016; Robertson et al. 2016). It could follow that 
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species identification in could benefit from recruiting similar individuals from within 
and outside of the conservation community. 
 
There is some debate over whether experienced taxonomists would be the only 
people with the ability to accurately identify certain species (Hopkins & Freckleton 
2002).  However, while experience can lead to a process becoming more automatic 
with a reduction in the effort required to complete a task, it is not necessarily linked 
to improved performance (Hoffman, Crandall & Shadbolt 1998; Ericsson 2014). 
Prior knowledge of a species can be advantageous, for example knowing what 
characteristics can aid accurate identification, the existence of various morphs, or 
known species distribution. There is an argument over whether taxonomists are 
declining in number (Hopkins & Freckleton 2002; Joppa, Roberts & Pimm 2011; 
Joppa, Roberts & Pimm 2012), but taxonomy complements other sources of 
information, for example field skills, rather than supersedes them. Identification 
skills are used both in the field and away from the field. Museum (Ballard et al. 
2016) and biological (Consorte-McCrea et al. 2017) collections can contribute to 
species knowledge and often act as reference points in species identification. Some 
collections are accessible and some information is disseminated through websites, 
but there is no guarantee that the original identification is accurate (Goodwin et al. 
2015). 
 
Although visual identification skills are paramount in taxonomy, it does not follow 
that these skills are limited to the taxonomic community, or that accuracy is higher 
among professional taxonomists. Species observations are recorded in both 
professional and amateur capacities, and despite some criticism around the 
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identification skills of amateur naturalists (Cohn 2008), they can be highly accurate 
5DWQLHNVHWDO7KHVHµDPDWHXUV¶KDYHPDGHDODUJHFRQWULEXWLRQWRZDUGVWKH
knowledge of species numbers and distributions (Roy, Preston & Roy 2015), and the 
increasing contribution of volunteers is of value (Chandler et al. 2016). While 
µH[SHUWDPDWHXUV¶VRPHWLPHVUHIHUUHGWRDVFLWL]HQVFLHQWLVWVUDQJHLQWKHLUVNLOOV
education, culture and experience, they share an interest which continues to 
contribute to our knowledge of the natural world. 
 
µ&LWL]HQVFLHQFH¶LVDUHODWLYHO\QHZWHUPIRUDQROGSUDFWLFH7KHWHUPµVFLHQWLVW¶ZDV
only coined in the 19th &HQWXU\SUHYLRXVO\µQDWXUDOSKLORVRSKHUV¶DQGWKHFRQFHSW
of a professional scientist, especially in ecology, is a relatively recent one. 
Historically, many scientists were independently wealthy or made their income by 
other means (Silvertown 2009). The UK has a rich history of amateur naturalists 
(Allen 1976), with a wealth of scientific information coming from individuals who 
collected and studied specimens from across the world, many of which continue to 
be used in research today (Suarez & Tsutsui 2004). Contemporary pressures on the 
natural world have resulted in changes to the way species are studied, especially in 
terms of collecting. However, modern technology has created opportunities for data 
collection from previously inaccessible areas (Pimm et al. 2015) and enabled wider 
participation in these studies (e.g. Swanson et al. 2015). Citizen science is multi-
faceted, lacks a single definition (Kullenberg & Kasperowski 2016), and is often a 
term used by academics rather than practitioners, but it is increasingly an umbrella 
term used for volunteer involvement. 
 
    26 
Contributions from non-scientific participants to the study of the natural world is 
recognised in a number of environmental disciplines, including climate change, 
invasive species, conservation biology, and monitoring (Silvertown 2009). In 
JHQHUDOSURMHFWVXVLQJWKHWHUPµFLWL]HQVFLHQFH¶HQJDJHYROXQWHHUVLQWKHFROOHFWLRQ
collation, processing and analysis of data, and can be applied to those practicing 
science in a volunteer or self-RUJDQLVHGFDSDFLW\&LWL]HQVFLHQFHFDQEHµWRS-GRZQ¶
RUµERWWRP-XS¶VWUXFWXUHGRUXQVWUXFWXUHGDQGV\VWHPDWLFRUDG-hoc. As data 
collection on a large scale is inherently expensive (Jones 2011), there is a growing 
reliance on the volumes of citizen science data for monitoring biodiversity (Ruiz-
Gutierrez, Hooten & Grant 2016), which can be collected via targeted projects or 
downloaded from accessible datasets (see section 1.5.1). It is worth noting that these 
large volumes of data may not represent the entire picture, as there are always data 
waiting to be processed or digitised, for example natural history collections, paper 
records belonging to individuals, and observations submitted to conservation groups. 
 
An element of distrust between science and volunteer communities has been alluded 
to, with some academics questioning the value of data collected by the public (Cohn 
2008). Data are collected according to the needs of the collector and may not be 
suitable to those answering different questions or with different objectives. However, 
there is evidence of professional and amateur datasets being combined (Flesch & 
Belt 2017). Irrelevant of the capacity in which species observations are collected, 
little is known about how accurate these identifications are (Beerkircher, Arocha & 
Barse 2009).  
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1.5 Error rates 
Species observations are known to contain error and bias. These include false 
positives, non-detection errors (Farmer, Leonard & Horn 2012), spatial bias 
(Geldmann et al. 2016) and recorder effort (Isaac & Pocock 2015). However, despite 
concerns relating to declines in identification skills, there are few studies that test 
species identification accuracy (Tillett et al. 2012). The studies that have investigated 
ability in species identification found that accuracy was variable between taxa and 
participants, and was influenced by participant interaction with the study species. For 
example, a study of dinoflagellate classification found identification accuracy among 
experts to be 72%, ranging from 38% to 95%, depending upon the species being 
identified (Culverhouse et al. 2003). In addition, experts with field expertise 
averaged 97% accuracy and were highly consistent, while those whose expertise 
came from books averaged 75% with more variable consistency (Culverhouse et al. 
2003). This example found that over one-in-four identifications was a 
misidentification, and that although participants were experienced, how their 
experience was gained affected their decision-making. Species misidentification has 
been found to affect sustainable fishing, as confusion between some fish species (e.g. 
Tetrapturus albidus and T. georgii) results in false population assessments and 
possible mismanagement of fish stocks (Beerkircher, Arocha & Barse 2009; 
Kitchen-Wheeler 2010; Tillett et al. 2012), as well as the monitoring of invasive 
species (Robinson, Inger & Gaston 2016). There have also been studies into 
identifying individuals from images, for example mountain bongo antelopes 
(Tragelaphus eurycerus isaaci) which found errors in at least one-in-five trials 
(Gibbon, Bindemann & Roberts 2015), and Andean bears (Tremarctos ornatus) in 
which neither experience nor confidence were indicators of accuracy (Horn et al. 
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1.5.1 A question of scale 
Forensic face matching studies have shown that even in comparatively controlled 
settings, accurate identification is far from perfect and even small error rates would 
translate into thousands of errors in large scale systems (Jenkins & Burton 2008b). 
For example, while there is no way of knowing how many identity checks occur on a 
daily basis, the figures for air travel alone are substantial.  INTERPOL note that in 
addition to the 800 million searches of their database to screen passports in 2013, 
there were an estimated 1 billion occasions where passenger passports went 
unchecked on international flights in the same period (INTERPOL 2014). For 2017, 
it is estimated that 1.5 billion passengers will take international flights (INTERPOL 
2014). Although it is hard to estimate how many species observations exist, 
biological collections, such as museums, hold millions of observations in the form of 
specimens. There are also some large datasets that give some idea of the volume of 
data being stored and widely used on a regular basis. 
 
Species observations are used in a variety of ways and provide important 
information to individuals and organisations. These can be from organised events 
such as BioBlitz (www.bnhc.org.uk) where people aim to record as many species as 
they can in one area in a set amount of time, ad-hoc observations, or systematically 
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collected by amateurs and researchers alike. Some examples of large datasets and 
their uses are: 
x eBird started in 2002, this project comprises an online checklist of global 
ELUGVSHFLHV2EVHUYDWLRQVDUHVXEPLWWHGE\ZRUOGZLGHµUHFUHDWLRQDODQG
SURIHVVLRQDO¶ELUGZDWFKHUVDQGWKHVHRSHQO\DYDLODEOHGDWDKDYHDZLGHVSHFWUXPRI
end users, including government, policy-makers, land managers, researchers and 
NGOs. The dataset is vast, with 9.5 million observation being submitted in May 
2015 alone (Sullivan et al. 2014); 
x Global Biodiversity Information Facility (GBIF) was formed to share 
biodiversity information, advance scientific research and avoid duplication of effort. 
Established in 2001 by the Organization for Economic Cooperation and 
Development (OECD), it holds data on 1.6 million species and is funded by a 
number of governments (GBIF 2017); 
x The International Union for Conservation of Nature (IUCN) is an 
environmental network and FRQVLGHUVLWVHOI³WKHJOREDODXWKRULW\RQWKHVWDWXVRIWKH
QDWXUDOZRUOGDQGWKHPHDVXUHVQHHGHGWRVDIHJXDUGLW´,WKDVDSSUR[LPDWHO\
member organisations and since the 1950s has produced lists of threatened species in 
LWVµ5HG/LVWV¶FDWHJRULVLQJWKHLUULVNRIH[WLQFWLRQ%XWFKDUWHWDO7KHVHGDWD
are biased towards terrestrial megaflora and megafauna in temperate environments 
(Baillie, Collen & Amin 2008), but in some cases may be the only data available 
(MolinariǦ Jobin et al. 2012); 
x The NBN is a UK repository and holds over 132 million records (National 
Biodiversity Network 2017). It is a charity through which government agencies, 
NGOs, volunteer groups and individuals exchange biodiversity information. 
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In these few examples alone, there are hundreds of millions of records that are freely 
available and used in numerous decision-making processes. As with many processes, 
there is a possibility of error, and with such vast numbers of observations even small 
error rates could have an impact. However, whether errors exist and where they 
might occur is rarely questioned, and this thesis aims to explore this.  
 
1.6 Outline of this thesis 
This thesis applies methods established in forensic face matching research to 
investigate accuracy in species identification. There is a growing demand for data to 
provide evidence on species numbers, diversity, distribution, and interactions, yet 
associated literature rarely discusses testing the identification ability of data 
collectors, or possible errors that could occur in those data. Advances in technology 
mean that previous restrictions to data collection (e.g. lack of access due to location 
or activity window) have diminished thanks to the capability of image capture 
equipment (e.g. photographs and videos from smart phones, camera traps and 
drones). In addition, the falling cost of certain makes and models has made these 
tools widely available, and images form an important part of data collection for both 
professional and lay scientists, which in turn are easily shared electronically. 
 
The specific aims of this thesis are: 
- To investigate whether familiarity with a taxon group increases accuracy in 
species identification; 
- To explore whether differences in levels of expertise correlates with observer 
ability to accurately recognise images as the same or different species; 
- To examine levels of consensus within observers of the same level of expertise; 
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- To explore consistency within and between observers; 
- To investigate the effect of intra-specific variation on choices made due to inter-
specific variation.  
 
Chapter 2 acts as a starting point to investigate the effects of familiarity on accurate 
species identification. Pollinators are of great conservation concern, and by selecting 
native bumblebees (Bombus) as model species, unfamiliar participants are likely to 
have encountered a bumblebee, but will not necessarily be aware of how many 
bumblebee species occur in the UK. A repeated, pairwise matching task is delivered 
online, and allows direct comparison of observers familiar with the model species to 
those without prior knowledge. The images in this task are taken from popular 
identification guides and presented under optimised conditions, thus limiting 
decisions on images being the same species to visual cues alone. This task will 
explore variation both among individuals and within expertise groups, plus 
consistency in identification decisions. 
  
Chapter 3 builds on the work of Chapter 2.  Here, only individuals unfamiliar with 
bumblebees participate in the study. A pairwise matching task compare queens of 20 
different bumblebee (Bombus) species with each other. Once again, the task is 
delivered online with images presented under optimised conditions, but is not 
repeated.  The task tests variation of accuracy among individuals with little or no 
experience with these species, and investigates whether inter-species within the same 
genus is perceived in a uniform manner. 
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Chapter 4 investigates judgement and consensus of experts with a simple sorting 
task. Conservation practitioners in possession of the relevant licence to survey for 
great crested newts (Triturus cristatus) are given 80 newt images to sort into species. 
The images comprise three native and one non-native newt, all of which may be 
encountered when surveying in the UK. Participants individually group images by 
species, and then name that species. This task tests the identification abilities of 
experts who have achieved the same level of proficiency within a knowledgeable 
community. It also reports individual performance in relation to self-perceived 
abilities and experience, plus the extent to which participants agreed on 
identification. 
  
Chapter 5 investigates variation in choice by novices when sorting images into 
species groups. With the same stimuli images as used in Chapter 4, participants are 
asked to group images by species, initially without knowing how many species there 
are, and then again after being informed that four species are present. This task 
explores judgements, both within and between non-experts participants, on ambient 
images that are presented simultaneously. Unlike the images presented to non-expert 
participants under optimised conditions in Chapter 2, these images include context, 
and reflect the intra- and inter-species variation encountered in the field. The task 
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2.1 Abstract 
Accurate species identification is fundamental when recording ecological data. 
However, the ability to correctly identify organisms visually is rarely questioned. We 
investigated how experts and non-experts compared in the identification of 
bumblebees, a group of insects of considerable conservation concern. Experts and 
non-experts were asked whether two concurrent bumblebee images depicted the 
same or two different species. Overall accuracy was below 60% and comparable for 
experts and non-experts. However, experts were more consistent in their answers 
when the same images were repeated, and more cautious in committing to a 
definitive answer. Our findings demonstrate the difficulty of correctly identifying 
bumblebees using images from field guides. Such error rates need to be accounted 
for when interpreting species data, whether or not they have been collected by 
experts. We suggest that investigation of how experts and non-experts make 
observations should be incorporated into study design, and could be used to improve 
training in species identification. 
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2.2 Introduction 
Accurate species identification is essential to ecological monitoring (Elphick 2008; 
Farnsworth et al. 2013). Species observations are used to inform and evaluate 
conservation actions (Sutherland, Roy & Amano 2015), such as the monitoring of 
population trends (Rodrigues et al. 2006; Fitzpatrick et al. 2009), the implementation 
and evaluation of population management plans (Duelli 1997), health assessments of 
ecosystems (Butchart et al. 2010), and extinction analysis (Roberts, Elphick & Reed 
2010). Conversely, species misidentification can have serious negative impacts, such 
as the accidental culling of endangered species, exemplified by the endangered 
taNDKƝPorphyrio hochstetteri (Meyer 1883) being mistaken for the destructive 
pukeko Porphyrio porphyrio melanotus (Temminck 1820) (Hunt 2015), the incorrect 
monitoring of harmful algal blooms (Culverhouse et al. 2003), the unobserved 
decline in important fish stocks (Beerkircher, Arocha & Barse 2009), and wasted 
resources, such as the drafting of inappropriate management plans from false species 
sightings (Solow et al. 2012). 
 
While species identification in these contexts is conducted routinely by experts, such 
as taxonomists in museums or academic institutions (Hopkins & Freckleton 2002), 
there is also a long-standing tradition of members of the public supporting scientific 
research by contributing identification data (Stepenuck & Green 2015). Previously 
known as amateur naturalists, and more recently as citizen scientists, 70,000 of these 
lay recorders submit species observations on an annual basis in the UK alone 
(Pocock et al. 2015). These observers are recognised as a valuable asset in the 
monitoring of global environmental change (Johnson et al. 2014; Sauermann & 
Franzoni 2015). However, little is known about the accuracy of species 
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identifications by non-experts, or how this compares to that of experts (Shea et al. 
2011). Although some doubts have been raised over the ability of volunteers to 
FRQGXFWµUHDOUHVHDUFK¶ (Cohn 2008), the assumption that recorded species have been 
correctly identified is rarely questioned (Elphick 2008). Yet the failure to account for 
possible species misidentification could affect assessments of population status and 
distribution and result in erroneous conservation decisions (Runge, Hines & Nichols 
2007; Elphick 2008; Shea et al. 2011). 
 
Few studies have investigated species identification accuracy. In a study of the 
classification of dinoflagellates, identification accuracy among expert observers was 
72% (Culverhouse et al. 2003). Thus, more than one in four identifications was, in 
fact, a misidentification. Accuracy also varied dramatically, from 38% to 95%, 
depending upon the species being identified. However, accuracy was higher and 
more consistent in expert observers with field expertise than those with expertise 
gleaned from books (Culverhouse et al. 2003). In addition, individual consistency of 
experts with field expertise averaged 97% accuracy, but for those whose expertise 
came from books averaged only 75% accuracy. This indicates that observers with 
field experience were highly consistent in their decision-making (but both for correct 
and incorrect identifications), whereas the decisions of trained observers without 
such experience were more variable (Culverhouse et al. 2003). 
 
A more recent study focused on the identification of individual mountain bongo 
antelopes Tragelaphus eurycerus isaaci (Thomas 1902) using a matching task 
(Gibbon, Bindemann & Roberts 2015). In this task, expert and non-expert observers 
were shown pairs of pictures of mountain bongos and had to decide whether these 
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depicted the same or different individuals. Under these conditions, experts 
performed better than non-experts. However, accuracy was far from perfect in both 
groups of observers, with identification errors in at least one in five trials (Gibbon, 
Bindemann & Roberts 2015). 
 
These results suggest that observers can be prone to identification errors in species 
monitoring. However, whereas one study compared different types of experts during 
the identification of different species (Culverhouse et al. 2003), the other compared 
experts and non-experts during the identification of individuals from the same 
species (Gibbon, Bindemann & Roberts 2015). Consequently, it is still unresolved 
how experts and non-experts compare directly in species identification. 
 
In this study, we compare the identification accuracy of experts and non-experts with 
a matching task, in which observers have to decide whether pairs of images depict 
the same species. A key advantage of this task is that it allows for a direct 
comparison of observers with expertise in species identification with those without 
prior knowledge. This approach is used in other research areas, such as the study of 
forensic human face identification (see Johnston & Bindemann 2013) as an 
optimized scenario to establish best-possible performance (Burton, White & McNeill 
2010) but little used in conservation research (although see Gibbon, Bindemann & 
Roberts (2015). 
 
To investigate the accuracy of species identification in experts and non-experts, bees 
were chosen as model organisms as non-experts were likely to have experienced 
them, but not be overfamiliar with the different species. Using cryptic or rarely 
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observed species groups may have deterred participants, but the range of bee species 
provides enough variety for testing experts too. Bumblebees (Bombus sp.) are 
generally recognisable and attractive to members of the public (Edwards & Jenner 
2005), and are of great importance to human survival and the economy (Rains, 
Tomberlin & Kulasiri 2008; Potts et al. 2010; Klatt et al. 2014; Scriven et al. 2015). 
Despite this importance, bee populations are in global decline from human activities 
(Ghazoul 2005; Gallai et al. 2009; Williams & Osborne 2009; Potts et al. 2010; 
Cresswell et al. 2012). Consequently, bumblebees provide a relevant and timely 
model for studying the accuracy of species identification in expert and non-expert 
observers. 
 
Experts and non-experts in bumblebee identification were asked to decide whether 
20 pairs of bumblebee images depicted the same or two different species. To 
increase the relevance of this task to the monitoring of bumblebees by members of 
the public, the images used in this matching task were coloured illustrations of 
bumblebees taken from two easily accessible field guides. We sought to explore 
identification in detail by assessing the overall accuracy of observers in both groups, 
but also by exploring individual differences and the consistency of identification 
decisions. For this purpose, participants were asked to classify the same stimuli 




This research was approved by the Ethics Committee of the School of Psychology at 
the University of Kent (UKC) and conducted in accordance with the ethical 
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guidelines of the British Psychological Association. Informed consent was obtained 
from all participants before taking part in the survey. A total of 47 people 
participated in the survey, comprising expert and non-expert observers. Seven 
experts (3 female, 4 male, mean age = 40 years, range 25-64) were recruited via a 
national non-governmental organisation (NGO) specialising in the conservation of 
bumblebees. Forty non-experts were recruited via the School of Anthropology and 
Conservation at UKC (30 female, 10 male, mean age = 35 years, range = 18-65). 
Half of these participants (n = 20; 15 female, mean age = 33 years, range = 18-64) 
had a general background in nature conservation and were classified as non-expert 
conservationists (NEC). The remaining participants (n = 20; 15 female, mean age = 
37 years, range = 18-65) had little or no experience with nature conservation and 
were therefore classified as non-expert non-conservationists (NENC). All 47 
participants reported good vision or corrected-to-normal. 
 
The seven expert participants reported a total of 39 years experience (1 ± 15 years) in 
the identification of bumblebee species, whereas only seven of the non-experts 
reported any experience in the identification of bumblebees, ranging from 1 to 8 
years. To define this experience further, all participants were asked to evaluate their 
identification experience on a five-point scale. Self-evaluated bumblebee 
identification abilities of experts and non-experts did not overlap. Non-experts 
UHSRUWHGµQRH[SHULHQFH¶n  µOLWWOHH[SHULHQFH¶n =DQGµVRPHH[SHULHQFH¶, 
ZKLOHH[SHUWVGHVFULEHGWKHPVHOYHVDVµH[SHULHQFHG¶n =3, one female) and 
µFRPSHWHQW¶n = 4, two female). 
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2.3.2 Stimuli  
The stimuli consisted of 20 pairs of images of bumblebees, comprising 10 match 
pairs (same species shown), and 10 mismatch pairs (different species shown), using 
images from two different fielGJXLGHV3UǔV-Jones & Corbet, 1991; BBC Wildlife 
Pocket Guides, 2006). For match pairs, illustrations were from different artists 
(Appendix 2.3). Images in each pair consisted of colour illustrations of dorsal views 
of entire bumblebees, presented side-by-side on a white background. The paired 
images always displayed the same caste, e.g. both males, both queens etc. Stimuli 
were designed to be viewed on a computer monitor, and measured approximately 24 
x 15 cm onscreen. No zoom function was included in the survey. Species names 
were taken from a checklist of extant, native bumblebees recorded in Britain and 
Northern Ireland (genus Bombus Latreille), downloaded from the Natural History 
Museum (London) website (www.nhm.ac.uk). For each of the species on this list, the 
%LUG*XLGHDSSOLFDWLRQµDSS¶³%XPEOHEHHVRI%ULWDLQDQG,UHODQG´
(www.birdguides.com) was used to identify phenotypes associated with each 
species. For species that exhibited a different phenotype according to caste, an 
individual entry was listed for every caste that differed in appearance from other 
castes for each species in that guide. Although listed in the guide, B. pomorum 
(Panzer, 1805) and B. cullumanus (Kirby, 1802) are believed extinct, and so were 
removed. The randomised list also included two species in the lucorum complex, B. 
magnus (Vogt, 1911) and B. cryptarum (Fabricius, 1775), but as research shows that 
these are visually inseparable (Scriven et al. 2015), these were also removed. The 
final list comprised 45 entries representing different UK species and castes where 
applicable. Twenty entries were randomly sampled from the list for use in the tests. 
For the survey, the list of the 20 selected entries was randomised again, and the first 
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10 entries were the species and caste used to create match pairs. The remaining 10 
entries on the list formed the first half of a mismatch pair, with the second half of the 
pair being selected from the other 19 species named on the list. The second species 
was chosen as so to create a mix of visually similar and dissimilar species (Appendix 





two simple tasks to assess their expertise. First, participants were asked to write 
down all bumblebee species found in the UK (Appendix 2.1). Participants were then 
asked to select UK bumblebee species from a list of 40 bumblebees (20 UK and 20 
non-UK species) (Appendix 2.2). On completion of the initial assessments, 
participants were given the matching task. In this task, participants were asked to 
classify each pair of bumblebees as the same species, two different species, or 
SURYLGHDGRQ¶WNQRZUHVSRQVHXVLQJWKUHHGLIIHUHQWEXWWRQVRQ a standard computer 
keyboard. No time limit was applied to this task to encourage best-possible 
performance. Participants completed three blocks of this task. Each of these 
comprised the 10 match and 10 mismatch pairs, and the order of presentation was 
randomised for the two repeats. In the experiment, each stimulus was therefore 
shown three times.  
 
Analyses 
Participant knowledge of bumblebee species was calculated from questionnaire 
answers. Percentage accuracy was calculated for each participant, and responses 
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were analysed within the three a priori expert groups, Mean accuracy for each of the 
three groups was presented for every trial, match trials, and mismatch trials. Correct, 
incorrect and don¶WNQRZUHVSRQVHV were also presented within the expert groups. 
Accuracy was then calculated for each of the three separate trials to measure whether 
participants were consistent in their answers for the same image. Using SPSS (IBM 
SPSS Statistics for Macintosh, Version 23.0) one way ANOVAs  compared accuracy 
and consistency between expert groups, and a mixed-factor ANOVA compared 
expert groups and trial type (match, mismatch). Arcsine square-root transformed 
data were used for ANOVAs, to normalise the proportional data. A Pearson product-




2.4.1 Participant expertise 
Experts had substantial knowledge of bumblebees, whereas the non-experts 
knowledge was minimal. On average, experts named 20.7 bumblebee species (SD = 
4.8; min = 15; max = 25), non-expert conservationists (NECs) named on average 
only 0.4 species (SD = 0.8; min = 0; max = 3), and non-expert non-conservationists 
(NENCs) only 0.2 species (SD = 0.4; min = 0; max = 1). Similarly, experts correctly 
chose an average of 19.7/20 UK species from a list of 40 Bombus species (Appendix 
2.2) (SD = 0.5; min = 19; max = 20), whereas NECs could only select an average of 
1.6 species (SD = 2.1; min = 0; max = 7) and NENCs only 0.1 species (SD = 0.3; 
min = 0; max = 1).  
 
 















2.4.2 Bee matching accuracy 
Overall accuracy in the matching task was low and similar across groups of expertise 
(Fig. 2.1), with the mean percentage of correct responses ranging from 54% to 57%. 
Correspondingly, incorrect responses were high and recorded on between 33% (for 
H[SHUWVDQG1(&RIWULDOVDFURVVJURXSV)LQDOO\H[SHUWVPDGHGRQ¶WNQRZ
responses on 11% of trials, while this contributed to less than 5% of responses in 
both groups of non-experts.         
Figure 2.1. Percentage (± 1 s.e.) for correct, incRUUHFWDQGGRQ¶WNQRZUHVSRQVHVOHIW
graph), and accuracy (± 1 s.e.) for match and mismatch pairs (right graph) as a 
function of expertise. Overall accuracy is low and comparable (54% to 57%) 
between expert groups. 
 
There was no difference between the three participant groups (E, NEC, and NENC) 
in terms of correct responses (F(2,44) = 0.45, p = 0.638), incorrect responses 
(F(2,44) = 2.89, p  DQGGRQ¶WNQRZUHVSRQVHVF(2,44) = 0.35, p = 0.704). 
Thus, experts and non-experts overall accuracy did not differ on this task. Match 
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accuracy, while mismatch performance was generally lower, at between 43% and 
49% accuracy, but similar across the groups (Fig. 2.1). In line with these 
observations, a 3 (group: E, NEC, NENC) x 2 (trial type: match, mismatch) mixed-
factor ANOVA found an effect of trial type (F(1,44) = 13.50, p = 0.001), but not of 
expertise, (F(2,44) = 0.61, p = 0.545), and no interaction between factors (F(2,44) = 
0.59, p = 0.557).¶    
 
2.4.3 Experience and matching accuracy 
3HUFHQWDJHDFFXUDF\RIFRUUHFWLQFRUUHFWDQGGRQ¶WNQRZUHVSRQVHVZHUHFRUUHODWHG
with the years of experience that all participants reported in the identification of UK 
bumblebees. A Pearson product-moment correlation conducted on responses showed 
that correct and incorrect responses declined with experience (r = -0.27, n = 47, p =  
0.072 and r = -0.30, n = 47, p  UHVSHFWLYHO\EXWGRQ¶WNQRZUHVSRQVHV
increased with experience (r = 0.54, n = 47, p < 0.001). This suggests that the more 
experienced observers were less likely to commit to a correct or incorrect 
identification decision. This inference is drawn tentatively, considering the limited 
sample of experts and possible extreme scores in the data (see Participants section). 
 
2.4.4 Experience and accuracy for individual items 
Accuracy was also calculated for all individual stimulus pairs and the groups of 
observers. For this by-item analysis, accuracy was combined across the three 
presentations of each stimulus pair (Fig. 2.2). One factor ANOVAs for each match 
and mismatch stimulus show that effects of expertise were present for only three of 
the 20 images. Post-hoc Tukey tests reveal that experts outperformed non-experts 
with Match 2 (F(2,44) = 5.92, p = 0.005; E v NEC and E v NENC p = 0.007) and 


















Match 6 (F(2,44) = 3.76, E v NEC p = 0.024). Conversely, non-experts 
outperformed experts with Mismatch 7 (F(2,44) = 7.00, NEC v E p = 0.005 and 
NENC v E p = 0.002).  
 
Figure 2.2. Mean accuracy (± 1 s.e.) across groups for each match (top) and 
mismatch (bottom) image. Effects of expertise were present for only three of these 
images (match 2, match 6 and mismatch 7). 
 
This pattern suggests that the reliance on purely visual information by non-experts 
generally leads to comparable and occasionally even better accuracy than experts. 
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consistently improve, and might even hinder, the matching of some bumblebee 
species. In some cases, however, expert knowledge also adds a performance 
advantage that must transcend the available visual information. 
 
2.4.5 Consistency 
We also sought to determine whether experts might be more consistent than non-
experts in their identification of bumblebees, by assessing performance across the 
three repeated trials. Consistent decisions were defined as instances in which 
observers made the same responses to bumblebee pairs in all three trials. Two 
consistency measures were obtained. The first of these reflects overall consistency 
regardless of accuracy, and was calculated by collapsing consistent correct (42% of 
DOOGHFLVLRQVLQFRUUHFWDQGGRQ¶WNQRZUHVSRQVHVIRUWKHGLIIHUHQW
expertise groups (Fig. 2.3).  
 
 
Figure 2.3. Percentage (± 1 s.e.) consistency in responses across presentations of 
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A one-factor ANOVA showed that consistency varied between participant groups 
(F(2,44) = 5.42 p = 0.008). Tukey post-hoc test showed that experts were more 
consistent than the NEC (p = 0.020) and the NENC groups (p = 0.006). The 
consistency of NECs and NENCs did not differ (p = 0.830). A second consistency 
measure was calculated, which reflects the consistency of accurate responses only. 
This revealed a similar pattern, with experts outperforming the two non-expert 
groups. A one-factor ANOVA showed that these differences between groups were 
not reliable (F(2,44) = 0.55, p = 0.583). However, a Pearson product-moment 
correlation between consistent and consistently-accurate responses (Fig. 2.4) was 
found (r = 0.722, n = 47, p < 0.001). Taken together, these data indicate that experts 
are generally more consistent than non-experts in their responses, but not in their 
accurate responses. However, the individuals (experts or non-experts) whose 
responses are more consistent are also more likely to be consistently accurate. 
 
 
Figure 2.4. Correlation of consistent and consistently accurate responses. 






























bumblebees. The naming tasks revealed clear effects of expertise, with experts 
naming an average of 20.7 UK bumblebee species and selecting 19.7/20 from a list 
of bumblebee species, while NECs and NENCs could name on average less than one 
species and selected less than two. A different picture emerged when the actual 
visual identification accuracy of these observers was assessed with the matching 
WDVN,QWKLVWDVNH[SHUWV¶RYHUDOODFFXUDF\ZDVORZDWDQGLQGLVWLQJXLVKDEOH
from NECs and NENCs. This finding was confirmed when performance was broken 
down into match and mismatch trials, for which expert and non-expert performance 
DOVRGLGQRWGLIIHU3DUWLFLSDQWV¶VHOI-reported years of experience in bumblebee 
identification was also correlated with responses on the matching task. This analysis 
shows that both correct and incorrect responses decline with experience, but don¶W
know responses increase. Thus, observers appear to become more cautious with 
experience and less willing to commit to any identification decisions. These 
inferences are drawn tentatively, due to the limited availability of bumblebee experts 
for this study (n = 7). Crucially, however, these findings suggest once again that 
expertise does not improve the visual identification of bumblebees in the present 
task. 
 
Overall, these findings converge with studies that have shown that visual species 
identification can be surprisingly error-prone. In contrast to previous studies, which 
either examined different types of experts during the identification of different 
species (Culverhouse et al. 2003), or experts and non-experts during the 
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identification of individuals from the same species (Gibbon, Bindemann & Roberts 
2015), the current experiment compared experts and non-experts during species 
identification. The error rates that are observed across these studies raise important 
questions concerning the accuracy of species identification using field guides. Such 
identifications are used for supporting a wide range of actions, such as the 
monitoring of endangered species (Barlow et al. 2015; Dennhardt et al. 2015; Lee et 
al. 2015) and the drafting of appropriate management plans (Guisan et al. 2013; 
Tulloch et al. 2013; Lukyanenko, Parsons & Wiersma 2011). An understanding of 
error rates needs to be factored into such important conservation activities. 
 
We draw these conclusions with some caveats. It is conceivable, for example, that 
accuracy among experts and non-experts will vary depending on how images are 
presented or which guidebooks are at hand. A number of identification guides exist 
for UK bumblebees, providing a variety of pictures of bumblebees, e.g. line or 
colour drawings, photographs and stylised diagrams. The extent to which 
illustrations from different guides accurately capture the key visual features of 
different bumblebee species and also match each other remains open to exploration 
(Fitzsimmons 2013), but is bound to affect bumblebee identification tasks. Variation 
in the specimens used by illustrators may also be due to phenotypic variation or even 
mislabelling in the collections used. Moreover, a difficult question for illustrators is 
which individual of a species should be drawn in order for a guidebook to represent a 
µW\SLFDO¶VSHFLPHQ There is the option to use the holotype (the single specimen on 
which the species is described), but this may not be readily available or 
representative of the current UK population. There is the added complication of 
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physical differences caused by age, such as the loss of hair and fading of colour due 
to the sun (Edwards & Jenner 2005). 
There is a long history of members of the public contributing to species monitoring 
programmes (Bonney et al. 2009; Silvertown 2009; Sutherland, Roy & Amano 
2015). An analysis of accuracy for individual items indicated that expert and non-
expert accuracy was similar for most bumblebee species here. There were also 
instances in which experts outperformed non-experts or the reverse pattern was 
found. This indicates that for some species comparisons, the reliance on purely 
visual information (as available to both experts and non-experts) produces best 
accuracy. In other cases, the additional subject-specific expert knowledge can 
occasionally interfere with the visual identification process. However, expert 
knowledge can also transcend the available visual information in some cases and 
provide a benefit in performance. This mixture of results is an intriguing outcome 
that is perhaps counter to intuition, because it suggests that the identification 
accuracy of bumblebees might be optimized best by using expert and non-expert 
decisions in a complementary fashion. 
 
Experts were more consistent in their decisions when the tests were repeated. This 
HIIHFWZDVRQO\UHOLDEOHZKHQFRUUHFWLQFRUUHFWDQGGRQ¶WNQRZGHFLVLRQVZHUH
combined. Overall, however, the more consistent observers were also more 
FRQVLVWHQWO\DFFXUDWH7KXVH[SHUWV¶GHFLVLRQFULWHULa appear to be more stable and 
this might confer an advantage when identification of the same species is assessed 
repeatedly. Further, systematic investigations of these different effects (visual vs. 
expertise-driven identifications, consistency) might inform training that is designed 
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to enhance the accuracy of observers. This could help to reduce error rates and 
improve species monitoring in the field. 
 
Additional identification cues might also be available that could specifically enhance 
expert performance in practical settings, such as context, behaviour, flight period, or 
even the presentation of a live or dead specimen. Experts will also have access to 
additional resources to support identification, such as taxonomic revisions with 
identification keys and diagrams or natural history collections. We included a short 
questionnaire in our study to assess field guide usage, which showed that all seven 
experts reported a combination of up to five field guides, and three also utilised 
smartphone apps. However, our data suggests that this experience did not enhance 
performance in the current experiment. More generally, it remains unresolved 
whether sufficient numbers of experts can be found for research to provide the 
volumes of data required to understand such factors (Kelling et al. 2015). Results 
may also differ for other taxa, but the growth of citizen science and the increase in 
use of these volunteer data means that species observations, such as those used to 
inform conservation practitioners, are likely to be heavily reliant on images, either as 
submissions by non-experts or validation by experts. 
 
In conclusion, this study shows that experts and non-experts both make many errors 
when using standard field guide illustrations to identify species. This raises 
important questions surrounding the accuracy of species observations in ecological 
datasets, and suggests that consideration should be given to possible inaccuracies 
when such information is used to inform decision makers. 
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Appendix 2.1 
 
Many thanks for taking part in this experiment, conducted as part of a doctoral 
research project at the University of Kent. 
If you would like to be contacted regarding the findings of this study, please express 
your interest by emailing gea7@kent.ac.uk. 
 
Question 1. 
Can you name any species of bumblebee found in the UK? 





















Please highlight (e.g. circle, strikethrough, change colour) any of the below 











































    86 
 
Appendix 2.3 
A table showing the Bombus species and caste, with the relevant illustrator, for each 
pairwise image used in this task. 
 
Image Type Species and caste Species and caste Artist 
   
Left image Right image 
Match B. distinguendis (Queen) 
 
C. Shields A.J. Hopkins 
Match B. hortorum (Queen) 
 
C. Shields A.J. Hopkins 
Match B. humilis (Queen) 
 
A.J. Hopkins C. Shields 
Match B. jonellus (Queen) 
 
C. Shields A.J. Hopkins 
Match B. pratorum (Male) 
 
C. Shields A.J. Hopkins 
Match B. ruderarius (Male) 
 
C. Shields A.J. Hopkins 
Match B. ruderarius (Queen) 
 
A.J. Hopkins C. Shields 
Match B. soroensis (Queen) 
 
A.J. Hopkins C. Shields 
Match B. sylvarum (Queen) 
 
C. Shields A.J. Hopkins 
Match B. terrestris (Queen) 
 
A.J. Hopkins C. Shields 
   
  
Mismatch B. hortorum (Queen) B. ruderatus (Queen) C. Shields C. Shields 
Mismatch B. lapidarius (Male) B. ruderarius (Male) A.J. Hopkins A.J. Hopkins 
Mismatch B. lapidarius (Queen) B. ruderarius (Queen) C. Shields C. Shields 
Mismatch B. lucorum (Queen) B. terrestris (Queen) A.J. Hopkins C. Shields 
Mismatch B. lucorum (Queen) B. soroensis (Queen) C. Shields C. Shields 
Mismatch B. monticola (Queen) B. lapidarius (Queen) A.J. Hopkins A.J. Hopkins 
Mismatch B. muscorum (Male) B. humilis (Male) C. Shields C. Shields 
Mismatch B. pascuorum (Male) B. muscorum (Male) C. Shields C. Shields 
Mismatch B. pascuorum (Queen) B. sylvarum (Queen) A.J. Hopkins C. Shields 
Mismatch B. subterraneus (Queen) B. monticola (Queen) A.J. Hopkins C. Shields 
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Chapter 3.  
 
3 Inconsistency in species identification under optimized conditions 
 
Revised following peer review from Scientific Reports SREP-16-42881A 
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3.1 Abstract 
Species identification is the procedure by which an unknown organism is assigned to a 
species. For those without prior knowledge, deciding which species has been observed 
often involves the use of visual aids, such as keys, field guides or voucher specimens. 
This may appear to be a simple decision-making process and is rarely questioned. In 
this study, non-experts performed a series of matching tasks that involved images of 
20 UK bumblebee queens being paired with each other. Accuracy varied greatly, from 
11% to 100% for species mismatches. We found inconsistency in accuracy across the 
different species combinations, as well as a mixture in agreement with similar species 
as recommended by an identification guide. We found that neither the identification 
ability of novice observers nor inter-species variability to be uniformly dissimilar. 
These findings may help with the design of training aids for novices, such as citizen 
VFLHQFHSURMHFWVDQGVXJJHVWWKDWWKHFKRLFHVRIµLGHDO¶IRFDOVSHFLHVLQVXUYH\VPD\
minimise the chance of misidentifications. 
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3.2 Introduction 
The recording of the natural world is a practice that can be traced back over centuries 
(Cole 1944; Allen 1976; Lawrence 2009; Miller-Rushing 2012). Much of this activity 
has been conducted by amateur naturalists, who have made a significant contribution 
to our understanding of species occurrence (Lawrence 2009; Gardiner et al. 2012; 
Tulloch et al. 2013; Merenlender and Crall 2016). The growing popularity of citizen 
science, in addition to volunteers already monitoring biodiversity, has also resulted in 
individuals developing skills in species identification (Kremen, Ullman and Thorp 
2011; Farnsworth et al. 2013)7KHVHDFWLYLWLHVLQFOXGHERWKµWRS-GRZQ¶UHFRUGLQJ
ZKHUHSURMHFWVDUHGHVLJQHGIRUYROXQWHHUVWRFROOHFWVSHFLILFGDWDDQGµERWWRP-XS¶
recording, when observations serve the purposes of the recorder. Either way, both 
amateur naturalists and citizen scientists are often self-taught and autonomous (Curtis 
2015; Robinson, Inger and Gaston 2016), which sometimes raises questions about the 
accuracy of the records these observers generate (Fore, Paulsen and O¶/aughlin 2001; 
Cohn 2008; Crall et al. 2011; Gollan et al. 2012). 
 
Whether identifying species independently or as part of a specific project, there are a 
number of methods that may be used in this process, such as DNA barcoding, 
dichotomous keys, voucher specimens, prior knowledge and field guides. In practice, 
not all of these methods will be widely known or accessible, and the practicality of 
printed, illustrated field guides makes them the traditional tool for identifying 
unknown organisms (Farnsworth et al. 2013). Using a field guide is predominantly a 
visual process that entails matching a sighting, a specimen or an image with one of a 
selection of photos or illustrations, usually accompanied by information about that 
taxa. Traditionally, field guides have been utilitarian, and are credited with enabling 
learning through a combination of visual and written information (Givens, Reeds and 
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Touwaide 2006; Scharf 2009). The basic structure of a guide comprises a series of 
illustrations of species believed to occur in a geographical area or taxon group, with an 
accompanying description (Stevenson, Haber and Morris 2003; Dunlap 2005; 
Farnsworth et al. 2013). The identification process involves the user scanning the 
available images, deciding whether any of those images match the unknown organism, 
and naming that organism accordingly. Within the species description, many guides 
include species believed to be similar in appearance to the target species to help focus 
the identification process. 
 
Correctly identifying species is vital to ecological monitoring (Elphick 2008; 
Farnsworth et al. 2013). Important and costly decisions are made on species numbers 
and distributions (Rodrigues et al. 2006; Butchart et al. 2010; Sutherland, Roy and 
Amano 2015; Juffe-Bignoli et al. 2016), and the possible consequences of 
misidentification can be disastrous, such as misunderstanding the impacts of 
agricultural practices (Duelli 1997), commercial fishing (Beerkircher, Arocha and 
Barse 2009; Tillett et al. 2012), and invasive species (Fitzpatrick et al. 2009). The 
implications of misidentification may also apply to existing datasets or collections, 
which provide historical baselines for species and their distribution (Ellwood et al. 
2016). A recent study found, for example, that over 50% of tropical specimens in 
herbaria are likely to be incorrectly named (Goodwin et al. 2015). Museum specimens 
are often used for reference, both in-collection and via remote access, which could 
result in such misinformation being spread widely (Goodwin et al. 2015). 
 
Whilst such studies raise concern about the accurate naming of plants, the number of 
described insects is threefold (Goodwin et al. 2015) and consequently, invertebrate 
misidentification could have an even greater impact. In terms of conservation 
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decision-making, without reliable evidence of species distributions the assessment of 
certain species conservation status is difficult, and subsequently determining where to 
focus conservation efforts could be misguided (Zapponi et al. 2016). In this context, 
one taxon of great conservation concern are bees, especially given their important role 
in the ecosystem service of pollination (Biesmeijer et al., 2006). Even though many 
bee species, including common ones, look very similar to each other, they have 
different life histories and perform different roles in the environment (Paxton et al. 
2015). For example, bumblebees (Bombus spp.) are particularly important for the 
pollination of wild plants. For some plants, pollination is performed by just one 
species of bumblebee, and a decline in bumblebees could be linked to the loss of 
specific habitats (Goulson et al. 2005). However, insufficient monitoring means that 
patterns of decline are difficult to determine (Casey et al. 2015). Moreover, this 
information could be impeded by species misidentifications that are unaccounted for. 
 
Bumblebees are generally recognisable and attractive to members of the public 
(Edwards and Jenner 2005), and consequently not an unfamiliar group of insects. In 
the UK alone there are over 20 different species, with distinctive colour patterns being 
their most obvious feature (Williams, 2007). The inter-species similarity of these taxa 
makes them good model species by which to study character and regional variation in 
colour patterns (Williams, 2007). However, inter- and intra-species morphology can 
be highly variable (Cameron et al., 2006). For example, castes of some species exhibit 
the same colours and patterns, while in other species, each of the three castes (queen, 
male and worker) differ morphologically (see Edwards and Jenner 2005). With inter-
VSHFLHVYDULDWLRQVRPHVSHFLHVVXFKDVWKHµlucorum¶FRPSOH[DUHVRVLPLODULQWKHLU
morphology that they can only be distinguished genetically (Scriven et al. 2015). Not 
only does this raise concerns over the true numbers and distribution of the species in 
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this cryptic group, but also whether existing ecological information applies to just one 
or several different species (Scriven et al. 2015). 
 
Using a pairwise matching task under highly optimised conditions, the current study 
examined the ability of non-expert participants to identify whether two images of 
bumblebees were the same or different species. In this task, novice observers were 
shown two simultaneously presented images of bumblebees taken from an established 
identification guide. As well as inviting participants that were unfamiliar with bees, 
stimuli comprised images of bumblebees on a white background, reducing influence of 
prior knowledge and context, with the aim of decisions being based on visual 
information alone. This method provides an initial step towards a direct, baseline 
measure of the accuracy of species identification. In the absence of prior training and 
additional information, this approach can provide direct and objective insight into the 
visual confusability of species by human observers (Williams, 2007). Other studies 
have found heterogeneity in identification by individuals at an intra-species level 
(Gibbon, Bindemann and Roberts 2015), and between groups of individuals according 
to expertise at an inter-species level, for which no effect of expertise was found 
(Austen, Bindemann and Roberts 2016). Here we investigated differences in accuracy 
across species within the same genus. Specifically, we explored which species were 
associated with low accuracy rates, whether certain species are perceived as more 
similar than others, and if there are any distinguishing visual features associated with 
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This research was approved by the Ethics Committee of the School of Psychology at 
the University of Kent and conducted in accordance with the ethical guidelines of the 
British Psychological Association. A total of 104 people participated in the survey (93 
female, 11 male, mean age = 24.9 years, SE = 0.8). These were recruited by email and 
social media via the Durrell Institute of Conservation and Ecology (DICE) and the 
School of Psychology at the University of Kent (UKC) and received compensation for 
their time in the form of a £10 voucher or course credit. Observers reported their age 
on interval scales, and the mid-SRLQWRIHDFKFDWHJRU\ZDVXVHGWRFDOFXODWHREVHUYHUV¶
mean age. All participants reported good vision or corrected-to-normal vision with 
glasses or contact lenses. 
 
3.3.2 Stimuli  
Stimuli contained images of queens from 20 bumblebee species found in the UK. 
These model species were taken from a list of extant, native bumblebees recorded in 
Britain and Northern Ireland (genus Bombus), downloaded from the Natural History 
Museum oI/RQGRQ¶VZHEVLWH7KLVOLVWZDVUDQGRPLVHGDQGWKHILUVWVSHFLHVZHUH
used as stimuli. Using colour illustrations of dorsal views of entire queens taken from 
popular bumblebee identification guides 3UǔV-Jones and Corbet, 1991; BBC Wildlife 
Pocket Guides, 2006), each species was systematically paired with each of the other 
19 species. Presented side-by-side on a white background, this yielded 210 image 
pairs. These comprised 20 match pairs, in which the same species is shown in the two 
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Using the polling software SurveyGizmo (surveygizmo.com), participants 
anonymously provided demographic information. To verify that participants were 
unfamiliar with the target species, they were asked about their experience with 
bumblebee identification and their use of identification guides. This was followed by a 
matching task, for which the image order was randomised for each participant. Images 
appeared consecutively and participants were asked to respond using three different 
buttons on a standard computer keyboard. For each image, participants were asked 
whether they thought that the two images in the pair were a match, with the option of 
³<HV´³1R´RU³'RQ¶WNQRZ´LQRUGHUWRDYoid a forced choice. No time limit was 




Individual participant performance was analysed overall, and also for match (same 
species) pairs and mismatch (different species) pairs. Species combinations were also 
analysed. For match pairs (n = 20), accurate responses were reported as percentages 
for each species. For mismatch pairs (n = 190), results were analysed using both 
accurate and inaccurate scores. Accuracy for mismatch pairs means that participants 
correctly identified that the image showed two different species. Inaccurate scores 
reflect participants misidentifying the mismatch pair as the same species when they are 
DFWXDOO\GLIIHUHQWVSHFLHV7KLVµPLVLGHQWLILFDWLRQUDWH¶H[FOXGHVGRQ¶WNQRZDQVZHUV
therefore giving a true reflection of inter-species misidentification. Accuracy was also 
analysed per species and by colour. To analyse accuracy by species, a mean accuracy 
score was calculated for each of the 20 species, by averaging the accuracy for each 
LPDJHIHDWXULQJWKDWSDUWLFXODUVSHFLHV:HDOVRDQDO\VHGWKLVGDWDE\µWDLO¶FRORXU Tail 
colour refers to the colour of the hairs on the posterior part of the abdomen and is a 
    96 
defining visual feature of bumblebees. The pattern is usually bright with strong 
contrasts in colour (Williams 2008), and as such is a common descriptor, often 
defining how bumblebees are grouped in field guides.  Difference in accuracy between 
tail colours was tested with t-tests and one-way ANOVAs (SPSS version 24). 
µ&RQIXVHG¶ species were also compared with the findings from this matching study. 
Some field guides note species that are easily confused. The species noted as most 
confused in the species descriptions in Falk (2015), were compared those most 
confused in this study. Inferential statistics were performed using arcsine square-root 
transformed data as the data are proportions which truncate at 0 and 1, and the data is 
required to be asymptotic. 
 
3.4 Results 
3.4.1 Self-reported experience in bumblebee identification 
Participants as novel observers was supported, as the majority had no experience with 
bumblebee identification (n = 84), and the remainder reported a little experience but 
not to a species level (n = 15), some experience with identifying common species (n = 
4), and experience beyond the common species (n = 1). Some guides define certain 
bumblebee species DVµFRPPRQ¶ RUµUDUH¶ (e.g. Edwards & Jenner, 2005; Pilchen, 
2010), but the term common was not defined for participants in their self-assessment 
of expertise. None reported being competent in identification, with only 9% having 
used guides specifically designed for bumblebee identification. 
 
3.4.2 Accuracy 
The average for correct responses across all images was 78.4% (range = 19-100%, SE 
= 1.4), due to 98.1% accuracy for match trials (range = 70-100%, SE = 0.5) and 76.3% 
for mismatch trials (range = 11-100%, SE = 1.5) (Fig. 3.1a). 
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Figure 3.1. Percentage participant accuracy for mismatch pairs, showing correct, 
LQFRUUHFWDQGGRQ¶WNQRZ responses (a) and average accuracy by experience (b). 
 
To analyse mismatch accuracy by species, a mean accuracy score was calculated for 
each of the 20 species, by averaging the accuracy for each mismatch image featuring 
that particular species. This data is provided in Table 3.1 and shows enormous inter- 
and intra- species variation. For example, mean accuracy across species ranges from 
92% for mismatch images including B. hypnorum to 63% for those including B. 
subterraneus. In addition, B. hypnorum also showed the minimum intra-species 
variation (13%), but it did not follow that the maximum intra-species variation was 
found in B. subterraneus (67%). Maximum variation was within B. pascuorum and B. 
muscorum, and was larger at 93% for both species. These data suggest that accuracy in 
species identification is extremely variable between participants, despite the similar 
lack of familiarity with the target species, and accuracy is highly dependent upon the 
combination of species being compared. 
 
The most accurate and least varied results were for mismatch images containing B. 
hypnorum (Table 3.1), which is of interest as this species has the unique colour 
combination of a ginger thorax, no stripes, and a white tail. All other white tail 
bumblebees are black with combinations of yellow stripes. Although the lowest mean 
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accuracy was found for images containing B. subterraneus, the lowest accuracy for a 
mismatch in this species group was 25%, which is considerably greater than the lowest 
overall accuracy score of 4% (Table 3.1). The species most confused with B. 
subterraneus was B. sylvarum, which also has two yellow stripes on the thorax, but a 
different tail colour (see Fig. 3.2). The lowest accuracies (4%) and the largest 
variations (93%) were for B. pascuorum and B. muscorum, but mean accuracy was 
72% in both species groups, placing them in the middle of Table 3.1. 
 
Table 3.1. Participant accuracy scores for mismatch pairs reported by species shown 
in descending order of the mean. The minimum and maximum values are the lowest 
and highest accuracy scores for a mismatch pair that included that species. The 
corresponding species for those pairs are named in parentheses. 
Species Min Max Mean SD 
B. hypnorum 85.6%  (B. barbutellus, 
B. bohemicus, B. soroensis) 
98.1% (B. lapidarius) 91.5% ± 4.1 
B. lucorum 64.4% (B. soroensis) 98.1% (B. monticola) 86.9% ±10.1 
B. rupestris 47.1% (B. lapidarius) 96.2% (B. soroensis) 86.6% ±12.2 
B. bohemicus 69.2% (B. barbutellus) 97.1% (B. muscorum 
B. ruderarius) 
86.3% ± 9.1 
B. barbutellus 55.8% (B. ruderatus) 97.1% (B. pascuorum) 86.0% ±12.0 
B. ruderarius 17.3% (B. lapidarius) 97.1% (B. barbutellus, 
B. bohemicus) 
83.2% ±18.1 
B. terrestris 62.5% (B. pratorum) 96.2% (B. rupestris) 82.9% ± 9.9 
B. lapidarius 17.3% (B. ruderarius) 98.1% (B. hypnorum) 81.6% ±19.7 
B. monticola 45.2% (B. distinguendus) 98.1% (B. bohemicus) 77.7% ±14.9 
B. ruderatus 32.7% (B. subterraneus) 95.2% (B. lapidarius) 73.0% ±20.0 
B. pascuorum 3.8%   (B. muscorum) 97.1% (B. barbutellus) 72.2% ±28.1 
B. muscorum 3.8%   (B. pascuorum) 97.1% (B. bohemicus) 71.6% ±27.9 
B. sylvarum 25.0% (B. subterraneus 96.2% (B. hypnorum) 71.4% ±19.4 
B. humilis 3.8%   (B. muscorum) 94.2% (B. barbutellus) 70.7% ±26.8 
B. pratorum 40.4% (B. sylvarum) 96.2% (B. barbutellus) 70.5% ±16.9 
B. hortorum 9.6%   (B. jonellus) 94.2% (B. rupestris) 68.0% ±23.9 
B. jonellus 9.6%   (B. ruderarius) 95.2% (B. hypnorum) 67.8% ±23.5 
B. soroensis 26.0% (B. hortorum) 96.2% (B. rupestris) 67.3% ±20.7 
B. distinguendus 28.8% (B. pascuorum) 97.1% (B. hypnorum) 66.7% ±22.6 
B. subterraneus 25.0% (B. sylvarum) 92.3% (B. hypnorum) 63.4% ±22.7 
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As the results for mismatch images was highly variable, we also analysed this data by 
µWDLO¶FRORXU)LJ3.2). Misidentification in intra-colour grouping was very high in the 
browns (76% ± SD 18.1), with just 4% of participants recognising that the images of 
B. muscorum and B. humilis, and of B. muscorum and B. pascuorum were showing 
two different species. For the mismatch of B. humilis and B. pascuorum only 8% of 
participants recognised them as different species (Fig. 3.2). Other outliers in Figure 3.2 
for these three browns were for images paired with B. distinguendus, for which the 
corresponding score does not appear as an outlier as there is a larger variation of 
accurate answers than for the other browns. Average misidentification for the reds was 
lower (28% ± SD 20.4), with two intra-group pairs showing as outliers, namely B. 
lapidarius and B. ruderarius (17% accuracy) and B. lapidarius and B. rupestris (48% 
accuracy) (Fig. 3.2). 
 
Table 3.2. Accuracy in identifying images of two different species depending on tail 
colour. Accuracy is higher when species had different tail colour, but notably lower 
when both species had brown tails. 
 Brown Red White 
Brown 19%  -   -  
Red 74% 67%  -  
White 83% 86% 69% 
 
Although whites formed a larger category (n = 10), average misidentification was 
similar to that seen in the reds (27% ± SD 21.1). There was only one inter-colour 
group outlier, which was B. sylvarum (red) paired with B. subterraneus (white). 
Although the identification guide referred to in this study (Falk 2015) did not define a 
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similar species for B. sylvarum, and suggested that the species most confused with B. 
subterraneus is B. ruderatus, this study found that 68% of participants erroneously 
thought that B. sylvarum and B. subterraneus were a match pair (Table 3.3). Finally, it 
is notable that across all tail colours, the species without stripes showed the least 
variation in accurate answers, with the three of the brown species having very similar 
results  
 
3.4.3 Purported confused species 
Using species descriptions in a recently published field guide (Falk 2015), Bombus 
VSHFLHVQRWHGDVEHLQJµFRQIXVHG¶ZLWKWKHPRGHOVSHFLHVXVHGLQWKLVVWXG\TXHHQV
only) were noted. ThHVHPRVWµFRQIXVHG¶VSHFLHVZHUHFRPSDUHGZLWKWKHILQGLQJV
from this matching study (Table 3.3). Confusion was reported by using inaccurate 
DQVZHUVRQPLVPDWFKWULDOVLHE\GLVUHJDUGLQJµGRQ¶WNQRZ¶DQVZHUV4XHHQV
found to be similar in this study were the same as those noted in the guide for 9 of the 
20 species (Table 3.3). For five of the model bumblebee queens, the guide did not 
SURYLGHDVLPLODUVSHFLHVDVWKH\ZHUHFRQVLGHUHGµGLVWLQFWLYH¶RUVLPLODULWLHVRQO\
referred to male castes. However, for three of these five species (B. distinguendus, B. 
pratorum and B. sylvarum), over 50% of participants in this study confused them with 
another species (Table 3.3). One notable difference is the confused species for B. 
soroensis: the guide suggests that the similar species is B. lucorum, but only 31% of 
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Table 3.3. &RPSDULVRQRIµFRQIXVHG¶VSHFLHVOLVWHGLQLGHQWLILFDWLRQJXLde with results 
from this study. Misidentification rates are the percentage of participants identifying 
the pair of images as the same species when they are different species. Scores from 
this task were in agreement 10 of the 18 similar species noted in the identification 
guide. 
Species Most confused species  Misidentification  Agreement 
 
id guide Study score 
 
B. humilis B. muscorum B. muscorum 95% Y 
B. muscorum B. humilis B. humilis 95% Y 
B. pascuorum B. muscorum B. muscorum 94% Y 
B. hortorum B. jonellus B. jonellus 89% Y 
B. jonellus B. hortorum B. hortorum 89% Y 
B. pascuorum B. humilis B. humilis 89% Y 
B. lapidarius B. ruderarius B. ruderarius 81% Y 
B. ruderarius B. lapidarius B. lapidarius 81% Y 
B. soroensis B. lucorum B. hortorum 71% N 
B. subterraneus B. ruderatus B. sylvarum 68% N 
B. sylvarum None B. subterraneus 68% n/a 
B. distinguendis None B. pascuorum 63% n/a 
B. ruderatus B. subterraneus B. subterraneus 62% Y 
 
B. hortorum B. hortorum 57% Y 
B. pratorum None B. sylvarum 54% n/a 
B. monticola None B. distinguendis 49% n/a 
B. rupestris B. hortorum B. lapidarius 48% N 
B. barbutellus B. sylvestris B. ruderatus 39% N 
B. terrestris B. lucorum B. pratorum 32% N 
B. lucorum B. terrestris B. soroensis 31% N 
B. bohemicus B. vestalis B. barbutellus 24% N 
B. rupestris B. subterraneus B. sylvarum 22% N 
B. hypnorum None B. barbutellus 10% n/a 
 
 
B. bohemicus 10% n/a 
 
 
B. soroensis 10% n/a 
 
Finally, we focused on the cuckoo bumblebees (subgenus Psithyrus) and their hosts: 
B. barbutellus (hosts B. hortorum and B. ruderatus), B. bohemicus (host B. lucorum) 
and B. rupestris (host B. lapidarius), which are of interest in this context as they 
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mimic their hosts. Of these three cuckoo species, participants misidentified two of 
them with their hosts, B. rupestris (48%) and B. barbutellus (39%) (Table 3.3). For the 
other cuckoo and host combinations, a lower number of participants misidentified 
them as the same species, B. barbutellus and B. hortorum (25%) and B. bohemicus and 
B. lucorum (20%). These results reinforce the lack of continuity or direction when 
visually identifying inter-species variation. 
 
3.5 Discussion 
This study investigated to what extent non-specialists were able to match images of 
species unfamiliar to them, and if there were any characteristics that influenced 
whether particular species combinations were more easily misidentified than others. 
Overall performance was highly variable, with large differences in performance 
between individual participants, and variation in accuracy depending on which two 
species were compared in the task. 
 
The majority of participants had no experience of bumblebee identification and only 
9% had used an identification guide specifically for bumblebees, but accuracy based 
on visual cues was varied across these novice participants. For match pairs, average 
participant accuracy ranged from 70-100%. Mismatch pairs showed a mean accuracy 
at 76% (Fig. 3.1), meaning that overall 1-in-4 images were mistakenly identified as 
being the same species when they were, in fact, different. Moreover, individual 
performance varied greatly, with participant accuracy ranging from 11 to 100%. These 
findings show a large fluctuation in individual ability. Novice observers achieving 
100% accuracy in matching demonstrates the importance of visual perception skills in 
the process of species identification. Specialist knowledge is crucial in any domain, 
but the lack of such knowledge does not equate to an inability to identify a species on 
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solely visual cues, and sometimes non-experts are able to outperform experts when 
matching images (Austen, Bindemann and Roberts 2016). The one person that 
UHSRUWHGH[SHULHQFHµEH\RQGFRPPRQ¶VSHFLHVVFRUHG)LJ3.1). 
 
When analysed by image, only two of the 20 match pairs were correctly identified as 
the same species by all participants. For mismatch images, accuracy ranged from 4 to 
98% across 190 images, showing that intra and inter species variation is vast and 
unequal. Even though guides provide assistance in the identification process by 
VXJJHVWLQJVLPLODURUµFRQIXVDEOH¶VSHFLHVWKHVe suggested species were different to 
approximately half of the species that this study found to be the most similar (Table 
3.3). Many identification guides group images according to tail colour, but as Table 
3.2 shows, this is not uniform across species either. 
 
Misidentification within tail colour groups was significantly higher in the browns 
(76%), compared to the reds (28%) and whites (27%). Three of the browns (B. 
humilis, B. muscorum and B. pascuorum) were readily mistaken for each other (4-8% 
accuracy), as well as some confusion with the other brown B. distinguendus (29-37% 
accuracy) One notable point of this confusion is that the three highly confused browns 
all have the same colour pattern of a block of brown hair on the thorax and abdomen, 
but no sWULSHV7KHLGHQWLILFDWLRQJXLGHGLGQRWLGHQWLI\DµFRQIXVHG¶VSHFLHVIRUB. 
distinguendus, and although there is a high variation in accuracy for images containing 
B. distinguendus, 63% of participants confused it with B. pascuorum (Table 3.3). 
These results show B. pascuorum to be readily confused with all other browns, yet a 
recent paper comparing biological records from skilled naturalist with lay citizen 
science records chose B. pascuorum DVDWDUJHWVSHFLHVDVLWLV³ZLGHVSUHDGDQGIDLUO\
easy to idHQWLI\´ (Wal, Anderson and Robinson 2015). The authors chose B. 
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pascuorum and B. hypnorum as focal species due to them being the two species that 
were recorded most often in the datasets, and although the latter was the least confused 
in this study, ease of identification is subjective and based on the judgement of the 
authors, who are likely to be familiar with the species. The reds with least variation in 
accuracy were B. lapidarius, B. ruderarius and B. rupestris, which apart from their tail 
colouration, have no stripes or other colouration. As with the browns, the highest rates 
of misidentification occurred between these three non-striped, red-tailed species, with 
17% of participants accurately recognising that B. lapidarius and B. ruderarius were 
different species, and 48% that B. lapidarius and B. rupestris are not the same. 
Accuracy in telling B. ruderarius and B. rupestris apart was higher at 75%, but when 
compared side-by-side, the difference in their shapes are noticeable. 
 
Cuckoo bumblebees present an interesting group to investigate. As obligate parasites 
they are not found outside the ranges of their host species, and in Europe share 
analogous colour patterns significantly more than would be expected by chance 
(Reinig 1935; Williams 2008). Although evidence shows that cuckoos can use 
FKHPLFDOPHFKDQLVPVWRJDLQHQWULHVWRKRVWV¶QHVWV (Dronnet et al. 2005; Martin et al. 
2010), there is wide agreement that similarity in colour patterns with hosts is due to 
Müllerian mimicry (Martin et al. 2010; Plowright and Owen 1980). This mutual 
resemblance of warning colouration relies on conspicuous markings to deter predators 
that may have encountered similar looking, but harmful, organisms in the past. Such 
deception may account for misidentification by predators, but while it is based 
primarily on colours and patterns, human vision processes a substantial amount of 
information based on shape or form as well (Du, Wang and Zhang 2007). Cuckoo bees 
lack the pollen baskets found on the legs of true bees, but knowledge of such 
distinguishing features would depend on experience (Baruch, Kimchi and Goldsmith 
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2014), or information provided in training material, and a novice in bumblebee 
identification is unlikely to know this detail. Although two of the three cuckoo species 
had the highest misidentification scores with their hosts (Table 3.3), all of these scores 
were less than 50%. While cuckoo and host species ranges naturally overlap, the 
consequences of misidentification will not only be a false representation of species 
numbers, but their differing behaviours mean that the roles they play in the ecosystem 
are not equal (Cardinal et al. 2010; Dronnet et al. 2005) 
 
Beyond picture matching, a guide contains species information that may support, or 
discount, the accuracy of the observation. Mayr (1966) suggests that despite being 
visually similar, some potentially confusable species should be easily discernible due 
to their life histories. Such distinctions may be achievable by those with prior 
knowledge of the observed species, but a novice relying on an identification guide to 
name an organism, the process is quite different. Identification guides provide 
LQIRUPDWLRQRQVSHFLHV¶EHKDYLRXUVRUGLVWULEXWLRQVbut, the observer is required to 
provisionally identify and name a species before they can refer to this information. 
Moreover, some, descriptions pinpoint distinguishing characteristics, not easily 
applied in the field. For example, B. hortorum and B. jonellus, which were thought to 
be the same species by 89% of participants in this study differ in size (6 mm compared 
to 10 mm). This information on size may aid field identification if there is a reference 
point but, even then, all castes can exhibit dwarfism (Falk 2015), and identification 
accuracy can diminish over distance (Lampinen et al. 2014). Furthermore, hard copy 
field guides provide knowledge at a static point in time, whereas numbers and 
distributions are dynamic (Wiederholt et al. 2015) (e.g. extinction, abundance, 
distribution), even over short periods of time (Tayleur et al. 2016). 
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This study found the most similar species to differ to those suggested in the 
identification guide (Table3.37KHUHDVRQVXQGHUSLQQLQJDQDXWKRU¶VGHFLVLRQWR
define which species are confused with each other is subjective, but is likely to be 
influenced by prior knowledge and experience. For example, while some species are 
visually similar, they may not occur in the same geographic area, which could 
influence this decision. Again, this background knowledge is unlikely to be known by 
a non-specialist, plus, distributions can change and range expansion or reduction may 
occur quicker than a new guide is published. For example, Falk (2015) provides 
distribution maps based on data from the Bees Wasps and Ants Recording Society 
(BWARS), dated 2000 onwards. Although believed to be extinct in the UK from the 
late 1980s, a description of the short-haired bumble bee (Bombus subterraneus) is 
included in this guides, as there has been a µreintroduction into Southeast England 
started in 2015¶(pg. 405). The reintroduction programme is monitored by the 
Bumblebee Conservation Trust (BBCT) in Dungeness, who show post-2000 records 
on their website (www.bumblebeeconservation.org), and notes that this BWARS data 
is yet to be added. This example also highlights the time delay of some observations 
being digitised, and that publicly accessible datasets are not always comprehensive. 
Furthermore, differences are not necessarily uniform in a global context. For example, 
the aforementioned cuckoo resemblance to host being higher than chance in Europe, 
but not in North America (Williams 2008). Assessing the similarity of two things is an 
important part of cognition, but judgements can vary depending on the comparisons 
being made (Farell 1985; Goldstone, Day and Son 2010), or the subject itself (Palmer 
and Schloss 2010). There are occasions when specimens are collected in such large 
volumes that researchers recruit local people to perform an initial sort into groups 
based on morphology (parataxonomy, see Krell (2004)). However, interpretation of 
shape and colour can differ between cultures (Roberson and Davidoff 2006a; Kay and 
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Regier 2007), and if projects are being conducted in different communities translation 
may include changes in more than just text. 
 
Recognising where errors occur in species identification could mitigate against 
incorrect population estimates (Runge, Hines and Nichols 2007; Dickinson, 
Zuckerberg and Bonter 2010; Shea et al. 2011), aid future monitoring (Murphy 1989; 
Guisan et al. 2013), and be considered in studies on extinction (Roberts, Elphick and 
Reed 2010). In practice, novices recorders participating in citizen science projects will 
receive training and feedback, which is crucial to learning (Tulloch et al. 2013), but 
there are numerous examples where training and experience is unknown, for example 
with occurrence data (Pocock et al. 2015; Todd et al. 2016) and museum collections 
(Reinig 1935; Goodwin et al. 2015). Furthermore, identifying which species are easily 
confused can help when choosing which model species to monitor. Given the 
extensive literature that exists in psychology relating to the mechanisms involved in 
this study, we suggest that species identification can be aided by investigating how 
guides are used, as well as their content. For example, perceptions and expectancy can 
affect decisions in forensic face matching (Kassin et al. 2013), and decisions on 
species identification may be influenced by information in a guide, such as the 
likelihood of that species occurring in particular geographic regions. Well delivered 
citizen science projects produce visual aids designed to meet the aims of that project, 
but with generic biological recording, the requirements of a guide for a specific 
recording scheme aimed at a certain audience (e.g. schoolchildren, novice observers) 
will differ from that purchased as a reference for an enthusiast. The results from this 
study suggests that identification is an individual ability, and testing participants prior 
to any training could be a benchmark by which to evaluate the training, or tailor it to 
suit individual needs.  
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Chapter 4.  
 
4 Species identification by conservation practitioners using online images: 
accuracy and agreement between experts 
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4.1 Abstract 
Emerging technologies have led to an increase in species observations being recorded 
via digital images. Such visual records are easily shared, and are often uploaded to 
online communities when help is required to identify or validate species. Although this 
is common practice, little is known about the accuracy of species identification from 
such images. Using online images of newts that are native and non-native to the UK, 
this study asked holders of great crested newt (Triturus cristatus) licences (issued by 
UK authorities to permit surveying for this species) to sort these images into groups, 
and to assign species names to those groups. All of these experts identified the native 
species, but agreement among these participants was low, with some being cautious in 
FRPPLWWLQJWRGHILQLWLYHLGHQWLILFDWLRQV,QGLYLGXDOV¶DFFXUDF\ZDVDOVRLQGHSHQGHQWRI
both their experience and self-assessed ability. Furthermore, mean accuracy was not 
uniform across species (69-96%). These findings demonstrate the difficulty of accurate 
identification of newts from a single image, and that expert judgements are variable, 
even within the same knowledgeable community. We suggest that identification 
decisions should be made on multiple images, and verified by more than one expert, 
could improve the reliability of species data. 
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4.2 Introduction  
The increasing reliability of new technologies has enabled those interested in the 
natural world to observe, identify and count species in a faster, cheaper and less 
intrusive manner than ever before (Pimm et al., 2015). One such use of these tools is 
electronic image capture from smart phones, camera traps, videos and drone footage. 
These images can be used to identify species (Cooper, Shirk, & Zuckerberg, 2014; 
'DXPH	*DOD]0F.LQOH\HWDO2¶'RQQHOO	'XUVR3RFRFN
2016), and are often accompanied by informative metadata (for example, date, time 
and location), thus providing a wealth of information regarding species numbers, 
distributions and behaviours. Furthermore, these images permit identification and 
validation to take place at a later date, and can be shared relatively easily. A good 
example of this is the submission of photographs from people who wish to identify a 
species or validate their observation. Whether as part of a citizen science project, 
through a local recording group, or simply ad-hoc observations, the process involves 
images being uploaded electronically for identification or verification by enthusiasts of 
varying expertise, for example, using iSpot (www.ispotnature.org), iNaturalist 
(www.inaturalist.org), iRecord (www.brc.ac.uk/irecord/) and reddit 
(www.reddit.com/r/species) (Bates et al., 2015; Silvertown et al., 2015; Burgess et al., 
2016; Daume & Galaz, 2016; Leighton et al., 2016). These online communities 
conduct and collaborate in species identification, but cannot always do so with 
FHUWDLQW\)RUH[DPSOHLQL6SRWFRQWULEXWRUVPDNHDµ/LNHO\,'¶WRUHPLQGSDUWLFLSDQWV
that identification from images lacks certainty (Silvertown et al., 2015). Expert 
judgement in the identification of specimens can be sought through other means, such 
as wildlife trusts, local recording groups and county recorders. However, in this 
instance, it may be that only one person identifies or verifies the image for recording 
purposes. If this is then referred to another specialist and that person disagrees with 
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this identification, the observation may be recorded to an agreed taxonomic level (e.g. 
genus). Irrespective of the route taken, expert identification and validation is widely 
sought.  
 
In this context, deciding who is an expert and how expert judgements can be verified 
remain open questions (Goldman, 2001; Burgman et al., 2011). Society turns to 
individuals with certain skills and experience for advice in decision-making 
(Burgman, 2015). However, this experience is often linked to qualifications or 
perceived ability rather than validated performance (Farrington-Derby and Wilson 
2006). Moreover, although expert knowledge can be generalised as information about 
a subject that is not universally known (Martin et al. 2012), it is often difficult to 
define (Hoffman, 1996). In general, expertise is domain dependent (Hoffman, 1996; 
Chi, 2006), dynamic (Lave & Wenger, 1991), influenced by social status (Stebbins, 
1977; Ericsson, 2014), and unequally distributed within communities (Evans, 2008). 
Experience can make processes more automatic and reduce the effort required to 
complete a task, but does not necessarily lead to improved performance (Hoffman, 
Crandall, & Shadbolt, 1998; Ericsson, 2014; Austen et al., 2016). However, defining 
who is an expert can be subjective and contentious, and may be perceived differently 
by those within a community to those outside of it (Lave & Wenger, 1991; Goldman, 
2001; Ericsson, 2014; Burgman, 2015). Indeed, even within specialist communities, 
experts are likely to recognise certain individuals as more competent than others, and 
have a perception of how their own expertise compares with the rest of their peers 
(Hoffman 1996). Ultimately, however, if an individual is perceived as an expert, they 
will be asked for their advice or judgement.  
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One area of conservation practice that relies on expert judgement is ecological 
monitoring (Burgman et al., 2011; Kapos et al., 2009; Lindenmayer & Likens, 2010). 
These data provide information on species numbers and distributions, including 
species of conservation concern, and invasive taxa that pose a threat to those species 
(Farnsworth et al., 2013; Latombe et al., 2016; Mang et al., 2016). One type of 
monitoring that incorporates both protected and invasive species is great crested newt 
(Triturus cristatus) monitoring in the UK. As a European Protected Species (EPS), T. 
cristatus is protected under law and anyone planning to survey or handle this species 
requires a licence. Whether professionals or volunteers, applicants for EPS licences 
may be expected to be familiar with native newt species. However, instead of being 
required to demonstrate the relevant identification skills, applicants are required 
supply a written reference from another licence holder (see www.gov.uk). Therefore, 
the issue of licences is influenced by the subjective opinion of other experts within that 
community, rather than based on an objective demonstration of a specific level of 
competence to the issuing authorities.  
 
This is an important issue because errors in identification can prove costly when 
surveying for newts. In addition to three native newt species, the UK is also home to a 
number of non-native newts, of which the alpine newt (Ichthyosaurus alpestris) is the 
most widespread. This invasive species is capable of carrying the lethal amphibian 
fungal pathogens Batrachochytrium dendrobatidis (Ohst, Gräser, & Plötner, 2013) and 
B. salamandrivorans (Spitzen-van der Sluijs, 2016). If this species is caught in error, it 
cannot be released into the wild, as this is illegal under the Wildlife and Countryside 
Act (1981). Error in newt identification can also lead to delays in development, 
unnecessary mitigation, fines for breaching the terms of a licence, or potential spread 
of pathogens. For this reason, misidentification of newts can prove costly. For 
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example, the annual cost of great crested newt mitigation in England alone is 
estimated to be between £20 million and £43 million (Lewis, Griffiths, & Wilkinson 
2017).  
 
In this study, we sought to investigate the likelihood of errors in newt identification. 
For this purpose, we invited holders of great crested newt licences, which allows 
individuals to survey this species in accordance with the European Conservation of 
Habitats and Species Regulations 2010 and the UK Wildlife and Countryside Act 
1981, to perform a simple image-sorting task. Internet images were selected to 
investigate how experts group and name images of different newt species. We also 
explored whether this was linked to (i) self-assessed identification ability, (ii) 
perceived identification ability in comparison with peers, and (iii) experience. We also 
compared accuracy between professional and volunteer surveyors. Finally, we 
investigated whether the presence of certain diagnostic characteristics in these images 
were linked to increased levels of identification. 
 
4.3 Methods 
4.3.1 Image sorting task 
This research was approved by the Ethics Committee of the School of Anthropology 
and Conservation at the University of Kent, and conducted in accordance with the 
ethical guidelines of the British Psychological Society. 
 
$WWKH8.¶VDQQXDO+HUSHWRIDXQD:RUNHUV0HHWLQJ+:0LQLQGLYLGXDOVwith 
a great crested newt licence were invited to participate in a photo-sorting task. 
Seventeen participants (15 male, 2 female, mean age = 43 years ± 13) completed the 
task both at the event and later at the University of Kent. All reported good or 
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corrected-to-normal vision with glasses or contact lenses. Informed consent was 
obtained from participants. 
 
Four species of newt found in the UK were chosen as stimuli, three native and one 
non-native. Native species were the smooth newt (Lissotriton vulgaris), palmate newt 
(L. helveticus) and great crested newt (T. cristatus), and the non-native species was the 
alpine newt (I. alpestris). These four species are found throughout the UK and EPS 
licence holders are likely to  come into contact with when surveying for T.cristatus  
(nbnatlas.org). Using the Latin binominal, photographs for each species were retrieved 
via Google© VHDUFKHQJLQHXQGHUWKHµLPDJHV¶RSWLRQ7ZHQW\XQLTXHLPDJHVZHUH
chosen for each of the four species, from various websites (Appendix 4.1). Image 
selection was aimed at incorporating the range of variability that may be encountered 
by observers in the field. For example, selected images included males and females, 
newts in terrestrial and aquatic stages, and with from various perspectives (i.e. dorsal, 
ventral, lateral and part views). The label from the downloaded image was taken as the 
correct species description. Although the species name assigned to the image may be 
incorrect, the websites of recognised organisations (e.g. conservation non-government 
organisations, herpetofauna fora, Wildlife Trusts, educational websites, national news 
outlets, etc.) took preference. The specialist nature of these sites suggests an element 
of validation before labelling the images, although no sources are guaranteed to be 
error-free. Images were randomised and numbered 1 to 80. These numbers were used 
to mark the reverse of the photographs used in the sorting task. This approach is used 
in other research areas, such as the study of forensic human face recognition (see 
Jenkins et al., 2011), and provides a highly-controlled scenario for newt identification. 
This study design also eliminates other non-visual factors (e.g. where and when the 
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images were taken), which removes bias associated with prior knowledge of breeding 
cycles and species distribution. 
 
Participants were asked to complete a short questionnaire, including age, gender and 
their experience with surveying amphibians in the UK (Appendix 4.2). This included 
their experience with surveying for the target species, self-perceived identification 
ability, self-perceived identification ability in relation to their peers, and whether they 
surveyed in a volunteer or professional capacity. Categories for surveying included 
professional, volunteering with local recording groups, organised projects, and those 
who survey independent of any affiliation, such as enthusiasts that monitor an area or 
species for personal interest. Participants performed a simple sorting task, for which 
they were asked to sort 80 newt images into piles according to species, irrelevant of 
gender. Participants were supervised during the task, but no further instructions were 
given. Participants were also encouraged not to discuss their findings with other 
volunteers that had yet to participate in the task. No restrictions were placed on the 
number of piles created, or on time taken, to avoid any undue pressure to complete the 
task. Once all 80 images were sorted, participants were asked to assign a species name 
to each group. The images were shuffled for each participant prior to the task. 
 
4.3.2 Diagnostic characteristics 
To investigate whether certain aspects of these images influenced identification 
accuracy, each image was analysed according to the angle of view and which body 
parts were visible. Scores were made on perspective (namely dorsal, lateral or ventral 
view), the visibility of diagnostic characteristics and whether the head, head and body, 
or the whole newt was observable. Despite there being numerous characters defined to 
aid newt identification, many are linked to breeding condition, especially in males, 
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which creates a gender and temporal bias (Arnold, Burton, & Ovenden, 1978; Arnold 
& Ovenden, 2002). Therefore, for some defining characters their presence is only 
indicative for that species at certain times in the breeding cycle. For example, crests 
are characteristic for breeding T. cristatus and L. vulgaris males, and webbed hind feet 
and tail filaments are characteristic in breeding male L. helveticus. However, the 
absence of these characters does not necessarily indicate a different species, but 
possibly a non-breeding male or a female. Also, other characters such as colouration or 
µEHOO\¶VSRWVDUHRQO\YLVLEOHIURPFHUWDLQDQJOHV)XUWKHUPRUHalthough WKHµZDUW\¶
skin of T. cristatus is a defining feature, it is difficult to code for as not only will skin 
be visible on all photos, but warty skin will only determine whether that newt is T. 
cristatus, rather than differentiate between the other   species. With these 
considerations, a score of one was allocated if hind feet and the whole of the tail were 
visible in the images, and zero if not. Whether the animal was photographed in an 
aquatic or terrestrial situation may have been a factor of interest, but this could not be 
ascertained from every image and was therefore discounted.  
 
4.3.3 Analyses 
Participant accuracy was analysed by self-assessed ability, ability compared with 
peers, surveying experience and the capacity in which they surveyed. A boxplot 
comparing accuracy across target species was constructed in R (version 3.4.2). 
ANOVAs and post-hoc Tukey tests compared grouping of species, and the accuracy 
depending on how species appeared in photos. A Pearson product-moment correlation 
was run to determine correlation between particiSDQWV¶H[SHULHQFHDQGDFFXUDF\
Inferential statistics were performed in SPSS (IBM SPSS Statistics for Macintosh, 
Version 24.0). 
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4.4 Results 
Participant experience in newt surveying averaged 13.9 years (range 4-26 years, SD = 
±7.6). This was also reflected in how participants rated their identification abilities, 
ZKLFKZDVHLWKHUµYHU\JRRG¶n  RUµJRRG¶n = 7) on a five-point scale. 
0RUHRYHUPRVWSDUWLFLSDQWVSHUFHLYHGWKHLULGHQWLILFDWLRQVNLOOVDVµEHWWHUWKDQ¶n = 7) 
RUWKHµVDPHDV¶n = 9) their peers on another five-point scale, with only one 
SDUWLFLSDQWFRQVLGHULQJWKHPVHOYHVWREHµZRUVHWKDQ¶WKHLUSHHUVn = 1). 
 
Overall identification accuracy was determined by the species named by participants 
matching the species named in the downloaded image. In the sorting task, participants 
created an average of 4.7 (range 4-8, SD = ±1.1) groups of images for the four newt 
species. Nine of the 17 participants correctly sorted the images into four groups. These 
participants also assigned the correct names of each of the study species to their 
groups. However, none of these groups were sorted in the same way by participants, or 
fully agreed with how images had been labelled online (Table 4.1). A further seven 
participants assigned the names of the study species to some of their groups, but also 
created and named further groups. These additional groups were the Italian crested 
newt (T. carnifex) (n = 2), palmate/smooth newt hybrid (n = 2), palmate or smooth 
newt (Lissotriton spp.) (n = 1), and unknown (n = 5) (Table 4.1). The remaining 
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Table 4.1 Summary of how participants sorted images into groups and the names assigned to those groups. All but one participant recognised the 
four study species (denoted by *), and eight participants also DVVLJQHGRWKHUQDPHVRUQRPLQDWHGWKHJURXSDVµGRQ¶WNQRZ¶ 














1 26.3% 21.3% 27.5% 25.0% - - - - 
2 25.0% 18.8% 31.3% 25.0% - - - - 
3 21.3% 17.5% 31.3% 27.5% - - - 2.5% 
4 25.0% 16.3% 23.8% 22.5% 1.3% 3.8% 7.5% - 
5 21.3% 16.3% 26.3% 27.5% - - - 8.8% 
6 25.0% 28.8% 15.0% 18.8% - 6.3% - 6.3% 
7 23.8% 20.0% 30.0% 26.3% - - - - 
8 25.0% 25.0% 25.0% 25.0% - - - - 
9 22.5% 21.3% 28.8% 27.5% - - - - 
10 21.3% 25.0% 25.0% 28.8% - - - - 
11 21.3% 25.0% 26.3% 22.5% 5.0% - - - 
12 23.8% 22.5% 27.5% 26.3% - - - - 
13 25.0% 25.0% 25.0% 25.0% - - - - 
14 25.0% 21.3% 28.8% 25.0% - - - - 
15 22.5% 17.5% 32.5% 23.8% - - - 3.8% 
16 - 10.0% 25.0% 23.8% - - - 41.3% 
17 22.5% 17.5% 20.0% 25.0% - - - 15.0% 
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Mean overall identification accuracy across participants was 82.7% (range 43.8-
93.8%, SD = ±12.4).  However, when calculating identification accuracy within the 
four study species only (i.e. discounting unknowns and false positives) the mean 
increased to 87.2% (range 56.2-95.1%, SD = ±9.8) (Table 4.2). Participants that 
grouped and named images as just the four study species averaged 90.6% accuracy, 
ZKHUHDVWKRVHSDUWLFLSDQWVWKDWFUHDWHGDµGRQ¶WNQRZ¶SLOHn = 6) averaged 62.1% 
overall. However, mean accuracy for these participants increased to 70.1% in the study 
species only (Table 4.2). As well as variation between individual performance, 
differences in self-perceived ability were found in those with similar scores. For 
example, the highest overall accuracy score (93.8%) was achieved by three 
participants, but while two of these participants considered their identification skills to 
EHµYHU\JRRG¶DQGµEHWWHUWKDQ¶WKHLUSHHUVWKHWKLUGFRQVLGHUHGWKHPVHOYHVWREH
µJRRG¶DQGµVDPHDV¶WKHLUSHHUV7DEOH)XUWKHUPRUHZKHQPHDVXULQJDFFXUDF\
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Table 4.23DUWLFLSDQWV¶VHOI-assessed ability of their own identification skills, self-
assessed ability compared to their peers, experience, and accuracy scores. Mean 
accuracy is reported for all images (overall), and for groups named as study species. 
The table is ranked (descending order) by own ability, ability compared with peers, 
then accuracy. 
Participant Own ability 
(self-assessed) 
Ability v Peers 
(self-assessed) 
Mean accuracy 
Overall   Study species 
Experience 
(years) 
1 Very good Better than 93.8% 95.0% 20 
2 Very good Better than 93.8% 93.9% 26 
3 Very good Better than 82.5% 86.2% 25 
4 Very good Better than 81.3% 92.8% 12 
5 Very good Better than 80.0% 88.7% 17 
6 Very good Better than 78.8% 91.2% 20 
7 Very good Same as 91.3% 92.0% 6 
8 Very good Same as 90.0% 90.0% 21 
9 Very good Same as 86.3% 86.8% 12 
10 Very good Same as 85.0% 85.5% 20 
11 Good Better than 75.0% 80.3% 4 
12 Good Same as 93.8% 94.0% 11 
13 Good Same as 92.5% 92.5% 25 
14 Good Same as 88.8% 89.1% 6 
15 Good Same as 68.8% 73.1% 7 
16 Good Same as 43.8% 56.2% 7 
17 Good Worse than 81.3% 95.1% 10 
 
Three participants achieved the highest overall accuracy score (93.8%), two of which 
FRQVLGHUHGWKHLULGHQWLILFDWLRQVNLOOVWREHµYHU\JRRG¶DQGµEHWWHUWKDQ¶WKHLUSHHUV
ZLWKWKHWKLUGSDUWLFLSDQWFRQVLGHULQJWKHPVHOYHVWREHµJRRG¶EXWµVDPHDV¶WKHLUSHHUV
(Table 4.2). However, when measuring accuracy on the study species alone, the 
KLJKHVWDFFXUDF\ZDVE\DSDUWLFLSDQWZKRUDQNHGWKHPVHOIDVµJRRG¶\HW
µZRUVHWKDQSHHUV¶7DEOH. Conversely, the individual with the lowest score of 
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FDWHJRULVHGWKHLULGHQWLILFDWLRQDELOLW\DVµJRRG¶ DQGµVDPHDV¶WKHLUSHHUV
Their performance for just the study species was higher at 56.2%, but remained poorer 
than all other participants (Table 4.2). This is the same participant that did not identify 
that the images contained the non-native alpine newt. A Pearson product-moment 
correlation RIRYHUDOODFFXUDF\DQGQXPEHURI\HDUV¶H[SHULHQFHZLWKQHZWVXUYH\LQJ
did not reach significance (r = 0.43, n = 17, p = 0.086), with mean accuracy on study 




Figure 4.1. 3HDUVRQ¶VFRUUHODWLRQRIH[SHULHQFHZLWKindividual percentage mean 
accuracy for all images (top) and for just the four study species (bottom) all images, 
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When comparing accuracy between participants grouped by self-assessed ability, no 
difference was found (t(15) = -1.32, p = 0.207) (Fig. 4.2a). In addition, a one factor 
ANOVA found no difference in accuracy of participants grouped according to self-
assessed ability in comparison with their peers (F(2,14) = 0.03, p = 0.969) (Fig. 4.2b). 
When analysed by experience grouped by five year periods, average accuracy was 
highest for participants with experience of 20 years or more at 89.6%, but there were 
no differences between the groups (F(4,12) = 1.38, p = 0.297) (Fig. 4.2c). Participants 
who surveyed in a professional capacity (n = 14) were no more accurate than those 
surveying as volunteers only (n = 3) (t(15) = 0.90, p = 0.383) (Fig. 4.2d).  
  
    136 
 
 
Figure 4.2. Average accuracy of participants (grey) in relation to the following factors 
(white): (a) self-assessed abilities; (b) self-assessed ability in comparison with peers; 
(c) years of experience in surveying; (d) type of surveyinJ³3URI´ SURIHVVLRQDO
³$5*´ $PSKLELDQDQG5HSWLOH*URXSV³2WKHU´ DIILOLDWLRQVQRWOLVWHG1$556 
³1DWLRQDO$PSKLELDQDQG5HSWLOH5HFRUGLQJ6FKHPH´DQG³1RQH´ QRDIILOLDWLRQ
In (d) participants total more than 100% as 12 participants surveyed in more than one 
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Participant choice when grouping and naming images varied between species. When 
images were analysed to investigate how participants had sorted and named them, 
images of T. cristatus were grouped together most often, with relative consistency 
(Fig. 4.3). Conversely, grouping of L. helveticus images was highly variable (Fig. 4.3). 
A one-way ANOVA using arcsine square-root transformed scores found that the 
consistency with which images were grouped together varied between species (F(3,76) 
= 7.64, p < 0.001). Tukey post-hoc test revealed that images of T. cristatus were 
grouped together more frequently than L. helveticus (p < 0.001) and L. vulgaris (p = 
0.007). Moreover, participants agreed with the naming of 95.9% of T. cristatus, 87.6% 
of I. alpestris, 78.5% of L. vulgaris, and 68.8% of L. helveticus images. In total, 22.5% 
of images were named as the same species by every participant and in agreement with 
the image label. There were no images for which all participants agreed on one species 
name, which differed from the species named in the image.  
 
Figure 4.3. Boxplot showing accuracy rates per species. Median identification 
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How images were grouped and named is visualised in a confusion matrix (Fig. 4.4). 
The columns are the names given to the online image, and the rows are the names 
given by participants. Agreement on species names was highest for T. cristatus (96%) 
DQGGLIIHUHQFHVZHUHGXHWRSDUWLFLSDQWVFDWHJRULVLQJSKRWRJUDSKVDVµXQNQRZQ¶n = 
8), naming images as T. carnifex (n = 4), L. vulgaris (n = 2) and I. alpestris (n = 1). 
Participants agreed in naming 88% of I. alpestris images, and grouping and agreement 
of names was less frequent for images of the other newts, L. helveticus (69%) and L. 
vulgaris (79%). Two participants created a L. helveticus/vulgaris hybrid group plus 
one participant only named µSDOPDWH¶or µVPRRWK¶)XUWKHUPRUHPLVLGHQWLILFDWLRQ
between these two species was notable, with approximately 1-in-8 L. vulgaris named 
as L. helveticus, and nearly 1-in-4 L. helveticus named as L. vulgaris (Fig. 4.4).  
 
 
Figure 4.4. Confusion matrix comparing species in photographs, as per name assigned 
to the image online (columns), with species named by participants (rows). For each 














Accuracy     88%    69%           79%          96% 
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4.4.1 Characteristics visible in photographs 
An effect of perspective was found (Fig. 4.5) with a one-way ANOVA (F(2,77) = 4.15, 
p = 0.019), with a post-hoc Tukey test revealing accuracy to be significantly higher in 
lateral than dorsal views (F(2,77) = p = 0.031). Average accuracy was highest for 
ventral views (n = 9) (Fig. 4.5a), but given the behaviour of newts in the wild a ventral 
view is uncommon unless the animal is handled. Average accuracy was highest when 
the whole organism was visible (Fig. 4.5b), but a one-way ANOVA found no effect of 
which parts of the body (namely head, head and body, or whole) were visible (F(2,77) = 
0.99, p = 0.377). This may seem counterintuitive, but a good example is the image that 
showed just the head of T. cristatus, yet returned 100% agreement. In comparison, the 
lowest score (11.8%) was for an image that also showed just a head, but of L. 
helveticus, while 88.2% participants agreed with the identification of an image 
showing just the head of L. vulgaris. However, the angle by which this L. vulgaris was 
SKRWRJUDSKHGUHYHDOHGVSRWVXQGHUWKHµFKLQ¶ZKLFKLVDGLDJQRVWic feature for this 
species. Accuracy was not influenced by the visibility of the defined characters of hind 
feet or the whole tail (Fig. 4.5c). A two-way ANOVA showed that there was no 
interaction between perspective and which parts of the body were visible (p = 0.33). 




Figure 4.5. Mean accuracy relating to content and composition of images a) ventral 
perspective, b) whole organism, and (c) visibility of defined characteristics. Error bars 
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In the 18 (22.5%) photographs for which all participants agreed on names, 13 of these 
ZHUHPDOHVH[KLELWLQJEUHHGLQJFKDUDFWHULVWLFV7KHVHZHUHSUHGRPLQDQWO\WKHµSDOP¶
hind feet for L. helveticus, and the markings, colouration and crests for L. vulgaris and 
T. cristatus, all of which are diagnostic, but temporary features. The remaining five 
were female T. cristatus. Although these photographs were from different angles, the 
photographs included the whole body, and the distinct colourations and skin textures 
were visible.  
 
4.5 Discussion  
This study examined how experts grouped and named species in images downloaded 
from Internet sources. In this task, mean overall accuracy was 83%, and increased to 
87% for when calculating accuracy in naming the four study species only.  However, 
no participant was consistent in their species identification decisions, and 
DSSUR[LPDWHO\KDOIRISDUWLFLSDQWVQDPHGVSHFLHVWKDWZHUHQRWSUHVHQWRUPDGHµGRQ¶W
NQRZ¶GHFLVLRQV7DEOH4.1). In addition, neither self-assessed abilities nor experience 
were indicators of individual performance. For example, although all participants 
UHJDUGHGWKHLULGHQWLILFDWLRQDELOLW\DVHLWKHUµJRRG¶RUµYHU\JRRG¶LQGLYLGXDORYHUDOO
accuracy ranged from 44% to 94%. This increased when only the study species were 
taken into account, but was still subject to broad individual differences, from 56% to 
95% (Table 4.2). Participants were also limited in judging how their ability compared 
to their peers, and performance did not differ for those who surveyed in a professional 
capacity from those who surveyed solely as volunteers (Fig. 4.2). 
 
In this task, differences between participant identification and the species named in the 
downloaded image were due to participants naming species not present, deciding not 
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to assign a species name to a group, and confusion between the study species. In 
addition to the four study species, participants believed images to show T. carnifex (n 
= 2), hybrids of the two Lissotriton species (n = 2), and only named the genus, 
Lissotriton (n = 1) (Table 4.1). In addition, six participants did not assign a species 
name to one of their groups (Table 4.1). While approximately half of participants (n = 
9) grouped and named just the four study species, the images within these species 
groups differed between participants (Table 4.1). Mean accuracy of these participants 
was 91%, compared with an average of 74% accuracy by those who named a group as 
µGRQ¶WNQRZ¶ While it is possible that some participants were unable to name species, 
it also conceivable that they were unable to make a confident judgement from the 
image, and therefore refrained from doing so. When analysed by species, the 
consistency of identifications was also highly variable, ranging from 96% for T. 
cristatus to 69% L. helveticus (Fig. 4.4). All participants agreed with the name of 23% 
of the images used in this task, comprising the native newts T. cristatus (61%), L. 
helveticus (22%), and L. vulgaris (17%), but there was no agreement for I. alpestris 
(Table 4.2). (YHQZKHQWKHLPDJHVWKDWZHUHQDPHGDVµXQNQRZQRUµGRQ¶WNQRZ¶
were removed, agreement was still low at 50%. 
 
The variability in species identification found in this study supports previous findings 
that agreement between experts can be inconsistent and have limitations (Burgman et 
al., 2011). While additional years of experience did not improve performance (Fig. 
4.1), increased expertise could result in a participant being more cautious in 
committing to identification (Austen et al., 2016). As surveyors, participants in this 
study will have substantial field experience, allowing specimens to be handled and 
closely observed. This method of learning has been shown to be more effective than 
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information gleaned from books alone (Culverhouse et al. 2003), and supports the 
FRQFHSWRIµML]]¶VHH(OOLV$OWKRXJKWKHURRWRIWKHZRUGLVXQNQRZQLWLV
widely observed by field naturalists (Coward & Coward, 1922; Ellis, 2011) and 
taxonomists (Vane-Wright, 2000; Krell, 2004; Grove-White, 2007; Scharf, 2009; 
Williams, 2012). It corresponds with the concept of Gestalt, whereby the configuration 
of an object exceeds its elements and cannot be defined simply in terms of its parts 
(Wertheimer, 2010). In species identification, this relates to perception by which an 
observer can correctly name an organism without having to study its diagnostic 
characteristics (Ellis, 2011). For example, in this study all participants identified T. 
cristatus from an image of just a head, and this unanimous identification was probably 
GXHWRWKHFKDUDFWHULVWLFµZDUW\¶VNLQRIWKLVVSHFLHV,QQV 
 
For novice observers, some descriptions of species characteristics can be subjective, 
not applicable to all populations, and sometimes only described in terms that relate to 
a similar, but different species (Swiderski, Zelditch, & Fink, 1998). However, 
experience in species identification increases the knowledge that certain features are 
µW\SLFDO¶RIDVSHFLHVUDWKHUWKDQEHLQJDEVROXWHGHILQLQJFKDUDFWHULVWLFV)RUH[DPSOH
a recent study of mountain bongo found that accuracy was highest when comparing 
inly flanks, and that the inclusion of other traits (e.g. head, legs,) confounded accuracy, 
and those familiar with the species made fewer misidentifications (Gibbon, 
Bindemann, & Roberts, 2015). The importance of certain features when comparing 
conspecifics could aid the design of automatic identification software.  Some 
participants in the current study noted that while certain images were adequate, they 
were no substitute for handling an organism. Conversely, not all observers favour 
handling, or are permitted to handle, specimens, and these restrictions can limit the 
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observation of diagnostic characteristics. This study found that agreement on 
identification was higher in images presenting ventral views (Fig. 4.5), but this 
perspective is rarely experienced unless the specimen is handled.  
 
The limitations placed on the opportunity to handle specimens may hinder accurate 
identification by novices. When referring to identification guides, many images are 
well lit with attention drawn to diagnostic features, such as secondary sexual 
characteristics. However, in the field newts are often observed under low light or with 
a torch. Furthermore, sexual dichotomy associated with breeding means that 
morphological differences within species vary throughout the year, and characteristics 
observable in the aquatic environment may not be visible in the terrestrial one. Of the 
18 images in this task on which all participants agreed with the species name, 13 were 
of males in breeding condition. Such variation may confuse novice observers, but the 
rise of citizen science and availability of technology means that expert judgement can 
be sought via images. Combined judgements can have an advantage over decisions by 
individuals (Surowiecki, 2004; White et al., 2013; Swanson et al., 2016), but 
participants were asked to complete this task on an individual basis to help avoid 
biases that can arise in groups of interacting experts (McBride et al., 2012). Despite 
their experience and expertise, participants differed in their image identification, 
especially with Lissotriton species, suggesting that verification should be sought 
where possible, even though this may not be achievable or practical in all situations. In 
this study, participants agreed on the species name for less than one-in-four of all 
images, demonstrating the difficulty of naming an organism from a photograph alone.  
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This study also highlights some of the issues associated with testing identification 
accuracy and expert participation experimentally. By definition, expert knowledge is 
knowledge on a subject not commonly known (Martin et al. 2012). Consequently 
experts form only a small part of the general population. In addition, not all experts 
may be willing to undergo experimental assessments of their ability, thus limiting 
expert participant pools further. Participant numbers in the current study could have 
been increased if invites had gone beyond the targeted audience of great crested newt 
license holders at this meeting. However, licence holders outside of this community, 
such as ecological consultants, are unlikely to be sent images for identification or 
verification by the public. Selecting stimuli can also be problematic, as most have the 
potential to contain some element of error. For example, a study by Culverhouse et al. 
(2003) found that of specimens that had been labelled by the author and validated by 
an independent taxonomist, expert consensus on specimen names was just 43%. 
Similarly, the current study found expert agreement with species named in 
downloaded images to be highly variable, even though images were sourced from 
websites dedicated to species identification and herpetofauna (e.g. iSpot, iNaturalist, 
Amphibian and Reptile Groups, and Amphibian and Reptile Conservation Trust).  
 
Regardless of the source, the extent to which the reliability of an online identification 
can be ascertained is linked to the perceived expertise of a person (Eiser et al., 2009). 
This study found that perceptions of such expertise were not linked to accuracy (Table 
4.2), yet a novel observer seeking help with identification will need to decide whom to 
believe. These judgements may be further confounded by the way Internet search 
processes contain elements of crowdsourcing. This means that when an image is found 
following an Internet search, if that image is selected it then becomes linked to that 
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search term (Pimm et al., 2015). For example, a search for Lissotriton helveticus also 
returns images of L. vulgaris, which is only evident from information provided after 
the image has been selected. Therefore, images found under specific search terms may 
indicate confidence in the identification. Equally, images found from the same search 
term could be of different species, depending on previous searches. It is possible that 
participant identification and consensus in this task may have been improved if the 
stimuli images had been taken from identification guides. However, analogous 
research on forensic face matching suggests that experiments controlled in this manner 
underestimate errors, as they do not account for the natural variation found in realistic 
settings (Megreya, Sandford, & Burton 2013). 
 
This study was concerned with the issues of newt misidentification and the lack of 
demonstrable identification skills required when applying for an EPS licence. 
Accordingly, model species were limited to the four that licence holders could 
encounter when surveying in the UK. Considering that expert judgement was already 
variable in such a constrained context, decisions required on more speciose taxonomic 
groups could create greater levels of disagreement. In terms of licensing, the confusion 
between L. helveticus and L. vulgaris found in this study (Fig. 4.4) would not be 
problematic. However, this misidentification does have the potential to be misleading 
when assessing numbers and the distribution of those species. The effects of 
misidentification also go beyond individual surveys. One condition of an EPS licence 
is that all observations of the licensed species are submitted to a relevant recording 
database. In this study, participants agreed that 96% of T. cristatus were correctly 
named, and although a misidentification rate of 4% could be considered low, it could 
be amplified when applied to large datasets.  
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In summary, the results in this study suggest that consensus may be a more appropriate 
indicator than accuracy in species identification. Apart from a handful of well-known 
species, accurate identification often requires the skills of taxonomic specialists (Pimm 
et al., 2015). However, we found that when presented with the same stimuli, the 
grouping and naming of images was inconsistent across participants (Table 4.1) and 
species (Fig. 4.3). While there are philosophical debates around trusting experts and 
their decisions (Goldman, 2001; Burgman, 2015), expert judgements remain crucial 
for ecological monitoring. This research concurs with other studies that found that 
consistent identification is not linked to experience, or that expertise is the domain of 
the professional (Burton et al., 1999; White et al., 2014; Landrum & Mills, 2015; 
Austen et al., 2016). Although there are few studies directly comparing identification 
accuracy between experts, the available evidence reveals variable performance (e.g., 
Culverhouse et al., 2003). Given the heterogeneous nature of species variation, a 
repeat of this study with different taxon groups would discover if identification rates 
are comparable. Moreover, as most participants in this study surveyed in more than 
one capacity, a repeat with contributors that survey as professionals or as volunteers 
could build on our findings. Finally, although images from novices can provide useful 
information in a timely manner (Silvertown et al., 2015; Daume & Galaz, 2016), these 
images can present challenges to those asked to identify them. While data from large 
volumes of digital images can be novel, expedient and revealing, they are not 
QHFHVVDULO\DVLQIRUPDWLYHDVWKHLQGHILQDEOHµML]]¶Jained from field observations. 
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Many thanks helping with this survey. The survey is anonymous, but we would like to 
gather some information about you.  
 
Do you agree to participate in this survey? Yes  No 
 
1. What is your gender?  
Female  Male  Other  
 
2. Which age range applies to you? 
under 18  18-24  25-34  35-44  
45-54  55-64  65+  
 
3. Do you consider yourself to have normal vision?  
Yes  No, but my vision is corrected to normal with glasses or contacts  
No, I have a visual impairment  
 
4. Do you hold a great crested newt licence?  
Yes  When did you obtain your first gcn licence?  
No 
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5. How do you rate your ability to identifying amphibians found in the UK? 
Very bad Bad  Neither good nor bad  Good Very good 
 
6. Have you been involved in survey work that involves newts in the last 5 years?  
Yes   No 
 
7. If yes, is it in any of the following capacities (please tick all that apply): 
Professional   With an ARG  NARRS  
No affiliation   Other:  
 
8. If you have surveyed in a non-professional capacity, in which area(s)?  
(E.g. Kent, Canterbury, CT1) _____________________________________________ 
 
9. Are you involved with training other people?  
Yes   No  
 
10. How do you rate your ability to identify amphibians in comparison to your peers? 
Much worse  Worse  Same as peers  Better Much better 
 
Thank you very much for answering these questions.  
Please now continue to the image matching task. 
  




Shrew or kiwi? ©teenybiscuit 
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Chapter 5.  
 
5 Same or different? Variation in grouping novel species with free and 
constrained choice. 
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5.1 Abstract 
Categorising species involves decisions based on similarities and differences between 
organisms. Moreover, choices made on distinctions between species can be impaired 
by natural variation within species. Forensic face recognition studies show that 
participants sort images of the same unfamiliar face into several identities, but when 
informed how many identities are present, accuracy improves. Using two simple 
image-sorting tasks, images of four different newt species were sorted by individuals 
unfamiliar with these taxa. Unaware how many species were present, participants 
sorted images into between four and 13 species, with no individual arriving at the 
µFRUUHFW¶VROXWLRQ3DUWLFLSDQWVZHUHWKHQLQIRUPHGWKDWIRXUVSHFLHVZHUHSUHVHQWDQG
68% of participants improved in their ability to group the same species together. 
Individual performance in both tasks was significantly correlated (r = 0.81) but varied 
between participants. In addition, within participant consistency in grouping different 
images was highly variable. These findings suggest that inter-specific variation does 
not override intra-specific variation when making visual same-different judgements, 
and that these judgements are inconsistent. 
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5.2 Introduction 
Species observations underpin much of the monitoring, measuring and management of 
biodiversity (Tyre et al. 2003; Danielsen et al. 2005; Addison et al. 2015). Whether 
assessing change at a global scale (Jones 2011; Turak et al. 2016), predicting 
responses to changes in the environment (Potts et al. 2010; Dawson et al. 2011; 
Stephens et al. 2016) or implementing management plans (ShHDHWDO1¶*X\HQ
et al. 2015; McKinley et al. 2016), it is imperative that the information used is 
accurate. Image-based evidence is widely used in biodiversity assessment, for example 
when recording the presence of species (Roberts et al. 2010; Swanson et al. 2015; 
Boron et al. 2016), identifying individuals (Kitchen-Wheeler 2010; Horn et al. 2014; 
Gibbon et al. 2015; Urian et al. 2015) and evaluating inter-species dynamics (Carbone 
et al. 2001; Royle & /LQN2¶&RQQHOOHWDO&DWHJRULVLQg images into 
usable information relies on judgements as to whether the subjects of the image are the 
same species or individual, as opposed to the images being the same or different. As 
well as considering the variability of images, such as differences in image capture 
devices, environmental conditions, perspective, and distance (Jenkins et al. 2011), this 
process also incorporates the natural variability of the species shown in the image. 
Organisms are not fixed in appearance: individuals vary with age, breeding condition, 
and health; disease or injury can cause body dysmorphia; local adaptation can result in 
differences between populations of the same species; and mutations can affect 
colouration and markings. Variability in the appearance of conspecifics has important 
consequences for identification. Describing and naming species provides discrete units 
by which living things can be studied, and involves determining patterns of similarity 
and difference between organisms (Vane-Wright 2000). However, the creation of 
discrete taxonomic units from a continuum of heritable characters (Heywood 1998; 
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Hey 2001), combined with the natural variation found within species, means that 
judgements on whether organisms are the same or different species are affected by 
both inter-specific and intra-specific variability. 
 
An interesting parallel to this decision-making process is found in the study of forensic 
IDFHLGHQWLILFDWLRQZKHUHMXGJLQJVWLPXOLDVµVDPH¶RUµGLIIHUHQW¶LVDQH[SHULPHQWDO
paradigm used widely in face recognition research (Zhang et al. 2013; Andrews et al. 
2015; Sauerland et al. 2016). The study of forensic human face recognition has, until 
recently, focused on between-person variability and often ignored within-person 
variability (Bindemann & Sandford 2011; Jenkins et al. 2011). Furthermore, progress 
in understanding identification has been hindered by experiments using tightly 
controlled stimuli (Burton 2013), which have disregarded research showing that 
processing familiar identities is disproportionately quicker and less error-prone than 
processing unfamiliar ones (Johnston & Edmonds 2009; Osborne & Stevenage 2012; 
Burton 2013). Research using faces unfamiliar to participants found that unconstrained 
choice led to participants perceiving more identities than were present (Jenkins et al. 
2011; Sauerland et al. 2016), while participants informed of the number of identities 
present were highly accurate (Andrews et al. 2015). However, exposure to greater 
variability in photos of the same person aided accuracy when new images of those 
identities were encountered later (Andrews et al. 2015). 
 
Same-different decisions on unfamiliar subjects are common for novel observers, for 
example in some citizen science activities, and projects aimed at encouraging the 
public to participate in species identification. Observers record in different ways and 
refer to a range of identification resources, for example a self-organised enthusiast 
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using a preferred guide book or website, or a novice participating in a structured 
citizen science project (Wal et al. 2015) where the identification material provided 
only includes target or common species. Unrestricted use of identification guides 
allows for novel observations, such as species not usually associated with a particular 
arHDRUKDELWDWZKLFKLVLPSHUDWLYHIRUPDQDJLQJELRORJLFDOLQYDVLRQV1¶*X\HQHWDO
2015). Conversely, constrained choice limits the species on which identification 
decisions are made, but may help observers focus on particular taxa. Identification aids 
are designed in accordance with the desired outcomes, and here we explore differences 
in judgements on whether species are the same or different when choice is 
unconstrained and constrained. 
 
This study investigated decisions on species being the same or different using two 
image-sorting tasks. Images of four newt species (family: Salamandridae) found in the 
UK were sorted by participants unfamiliar with these taxa, initially without knowing 
how many species were present (unconstrained), and then repeated knowing that four 
species were present (constrained). This builds on the study in Chapter 3, where same-
different judgements were made on images presented as simultaneous pairs under 
optimised conditions, and were manipulated to create a range of similarities and 
differences. In this study, the stimuli are images downloaded from the Internet and 
incorporate natural variability (known as ambient images), therefore adding ecological 
validity to the study. 
 
5.3 Method 
This research was approved by the Ethics Committee of the School of Anthropology 
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ethical guidelines of the British Psychological Society. Participants were recruited via 
the School of Anthropology and Conservation at the University of Kent (12 female, 10 
male, range = 25-70 years). All participants gave informed consent and reported good 
vision or corrected-to-normal. 
 
5.3.1 Procedure 
A set of 80 images, comprising four newt species found in the UK, was used as 
stimuli. These were the non-native alpine newt (Ichthyosaura alpestris), the great 
crested newt (Triturus cristatus), and two smaller newts of the same genus, the 
palmate newt (Lissotriton helveticus) and the smooth newt (L. vulgaris). Images for 
each species were found via Google© search engine by using the Latin binominal in 
WKHµLPDJHV¶RSWLRQ7ZHQW\XQLTXHLPDJHVZHUHVHOHFWHGIRUHDFKVSHFLHVSULQWHGDQG
laminated. These images included both males and females, although few of the labels 
accompanying the images noted the sex. For the task, this list of images was 
randomised and numbered, and these randomised numbers were assigned to the 80 
images to avoid participants detecting a number pattern on the reverse of the stimuli.  
 
5.3.2 Participants 
Volunteers were recruited via the University of Kent, through social media, and by 
word of mouth, with participation being restricted to those unfamiliar with newts. 
Participants (n = 22) were given the set of 80 target images and asked to sort them into 
groups of the same species, irrespective of gender, and informed that any images 
containing more than one newt showed the same species. These were the only 
instructions given and participants were free to create as many or as few groups as 
they wished, with no time restrictions. On completion, the total number of groups was 
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noted, then these groups were numbered arbitrarily and the relevant group number 
assigned to the corresponding image. Participants were then informed that the 80 
images comprised four different species, and asked to repeat the task but constraining 
choice to four groups, with no limit to the number of images per group, and no time 
restrictions. These four groups were numbered arbitrarily, and again each group 
number (one to four) was assigned to the corresponding images for each participant. 
Images were shuffled between each task, and participants were supervised. 
 
5.3.3 Analyses 
For unconstrained choice, the number of different species recognised (the number of 
groups created) by each participant was counted, and a t-test comparing the number of 
perceived species with the number of species present, was performed using arcsine 
square-root data. For constrained choice, groups were analysed for species 
composition, and the associated label was assumed to be the correct name for the 
species in that image (see Chapter 4). As participation was sought from people 
unfamiliar with the target species, participants were not asked to name the newt 
species in their four chosen groups as in Chapter 4. Instead, each group was named 
after the PDMRULW\VSHFLHVDQGWKLVZDVFRQVLGHUHGWKHµFRUUHFW¶VSHFLHV,PDJHVRIQRQ-
PDMRULW\VSHFLHVLQHDFKJURXSZHUHFRXQWHGDVµLQFRUUHFW¶*URXSVZHUHDQDO\VHGIRU
both the number of different species present, and the percentage composition of those 
species. To compare performance in grouping the same images under both 
unconstrained and constrained conditions we used a similarity metric, the normalized 
mutual information (NMImax) (Vinh et al. 2010). For convenience, the subscript max is 
omitted and NMI used hereafter. The NMI compares two clusterings, giving a 
numerical value between zero and one, with larger values indicating better agreement. 
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Similarities between the true species and the groupings obtained under unconstrained 
and constrained tasks were compared using a paired t-test. Calculations were done 
using R (version 3.4.0). Constrained choice was visualised in a fluctuation diagram 
(Pilhöfer et al. 2012) produced using the R package extracat. 
 
5.4 Results 
5.4.1 Unconstrained choice 
When no restriction was placed on how many groups images could be sorted into, 
participants created between four and 13 groups (mean 6.7; median 6; mode 5) (Fig. 
5.1). No participant perceived fewer, but most perceived more, than the four species 
present (Fig. 5.1). Three participants (13.6%) sorted the images into just four groups, 
but none of these groups comprised all 20 images of a single species. A one-sample t-
test revealed that the number of perceived species was higher than the four species 
present (t(22) = 12.76, p < 0.001). 
 
  
Figure 5.1. Summary of participant perception of the number of different species 
represented in the stimuli. Unconstrained choice when sorting images resulted in the 




















No. of species perceived in set
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5.4.2 Constrained choice 
Participants were then informed that the stimuli contained four species and their 
choice was constrained to sorting the 80 images into four groups only. The number of 
images in each group ranged from 9 í 39 (SD ± 5.73), no participant sorted their 
images into four groups of 20, and although 9 groups did contain 20 images, only one 
of these groups comprised all images of one species, namely T. cristatus (participant 
22). As well as variability in the number of images in each group, the combination of 
the species that participants selected for each group was variable within and between 
participants. For six participants, their group choices resulted in at least one group not 
having a majority species, meaning that maximum percentage composition of images 
within one group was shared by two different species. The remaining 16 participants 
had a majority species in each of their four groups, nine of whom had four different 
majority species, and seven with two of their four groups having the same majority 
species (L. helveticus (n = 4) and T. cristatus (n = 3)). These sixteen participants 
varied in how they combined different species in each group, with four graphs 
VKRZLQJZKLFKµLQFRUUHFW¶VSHFLHVZHUHDVVRFLDWHGZLWKWKHµFRUUHFW¶PDMRULW\
species (Fig. 5.2). For example, when I. alpestris was the majority species in the group 
(n = 16), L. helveticus was not present at all, with L. vulgaris in 11 of those groups, 
and T. cristatus in six of them (Fig. 5.2). Conversely, when L. helveticus was the 
majority species (n = 20), I. alpestris was included as an incorrect species in 14 of 
those groups, T. cristatus in five groups, but L. vulgaris appeared in every group (Fig. 
5.2).  
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Figure 5.2. Association between majority species and other species selected to form 
part of the same group. When the title species was the majority in the group (grey), 
these graphs show on how many occasions other species were included in the same 
group. For example, when I. alpestris was the majority species, L. vulgaris was 
included in 11 groups and T. cristatus in six groups, but not L. helveticus  
 
When analysed by the number of images, as opposed to the number of species (Fig. 
5.2), the majorities of I. alpestris and T. cristatus in their respective groups are more 
apparent (Fig. 5.3). When I. alpestris was the majority species, it averaged 87.3% of 
WKHJURXSZLWKWKHµLQFRUUHFW¶VSHFLHVRIL. vulgaris and T. cristatus accounting for 
8.1% and 4.6% respectively. T. cristatus as majority species averaged 82.2%, with I. 
alpestris (5.5%), L. helveticus (4.3%), and L. vulgaris (8.0%). However, Lissotriton 
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WKHµLQFRUUHFW¶VSHFLHVL. helveticus averaged 54.9% as the majority species, with L. 
vulgaris averaging 36.9% of the incorrect species, plus I. alpestris (5.1%) and T. 
cristatus (3.1%). Similarly, L. vulgaris averaged 53.5% as the majority species, with 
L. helveticus averaging 30.8% of the incorrect species, and I. alpestris (7.3%) and T. 
cristatus (8.4%). 
   
  
Figure 5.3. Mean percentage composition of groups per majority species. When the 
title species was the majority in the group, these graphs show the percentage of species 
included in those groups (title species in grey). For I. alpestris and T. cristatus there 
were a small percentage of other species, but L. helveticus and L. vulgaris show a 
higher reciprocal inclusion. Error bars represent ±1 standard error. 
 
A fluctuation diagram (Fig. 5.4) visualises the variability in choice when participants 







Ia Lh Lv Tc







Ia Lh Lv Tc







Ia Lh Lv Tc







Ia Lh Lv Tc
T. cristatus (n = 19)
Species Species 
Species Species 
    175 
were grouped, and columns represent which species were present in the four groups 
that participants created under constrained conditions. Larger rectangles indicate a 
level of accuracy in recognising images as the same species. For example, participant 
3 has large rectangles for Ia and Tc, which are the only ones in the column, showing 
that this participant chose two groups that contained just one species, namely I. 
alpestris and T. cristatus. The rows show that images of I. alpestris and T. cristatus 
were present in other groups (n = 2 and n = 1 respectively), but in small numbers as 
represented by small rectangles. In comparison, participant 4 has rectangles of various 
sizes in all boxes, showing that they have included images of all four species within 
each of their four groups.  
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Figure 5.4. A fluctuation diagram showing species as named in images (rows) with 
participant choice of species (columns) for each participant (1 to 22 reading left to 
right along rows) for constrained choice. The larger the black rectangle within the grey 
box, the more accurate the participant has been in grouping the same species together.  
 
Table 5.1 shows WKHVLPLODULW\EHWZHHQWKHWUXHVSHFLHVDQGWKHSDUWLFLSDQWV¶DOORFDWLRQ
of species to groups under unconstrained choice (NMIU) and constrained choice 
(NMIC). Fifteen participants (68%) improved their performance under constrained 
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significant increase in similarity under constrained choice (mean increase = 0.058, s.e. 
= 0.0196, p < 0.01). The greatest similarity was for participant 16 (NMIUC= 0.845) 
who chose four groups for the unconstrained element of the task, and only made five 
changes for constrained groups. Conversely, Participant 4 made many changes to 
group choices (NMIUC= 0.106), as well as performing badly in the first part of the task 
with (NMIUC= 0.152) and worse in the second (NMIUC= 0.074). A Pearson product-
moment correlation revealed that NMI values for both parts of the task were correlated 
(r = 0.81, p < 0.001), showing that individual performance was similar in both parts of 
the task.  
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Table 5.1. Measure of similarity for unconstrained choice with species (NMIU), 
constrained choice with species (NMIC), change in performance, and comparison of 
grouping images in both tasks (NMIUC). Increase in value from unconstrained to 
constrained indicates improved grouping of the same species, and thus change in 









1 0.226 0.373 + 0.373 
2 0.510 0.500 í 0.679 
3 0.361 0.615 + 0.473 
4 0.152 0.074 í 0.106 
5 0.272 0.433 + 0.300 
6 0.299 0.293 í 0.252 
7 0.476 0.501 + 0.475 
8 0.389 0.363 í 0.642 
9 0.657 0.680 + 0.679 
10 0.426 0.519 + 0.368 
11 0.315 0.549 + 0.457 
12 0.143 0.291 + 0.115 
13 0.377 0.354 í 0.492 
14 0.506 0.531 + 0.576 
15 0.358 0.318 í 0.613 
16 0.608 0.640 + 0.845 
17 0.462 0.544 + 0.581 
18 0.492 0.582 + 0.765 
19 0.537 0.628 + 0.606 
20 0.471 0.381 í 0.587 
21 0.324 0.395 + 0.462 
22 0.619 0.700 + 0.710 
 
Analysis by species showed no uniformity in how participants spread images of 
species across their four different groups (Fig. 5.5). For example, T. cristatus was the 
only species that participants (n = 3) grouped all 20 images together, but two of these 
participants included additional images, and only Participant 22 had solely T. cristatus 
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images in one group (see Fig. 5.4). This resulted in 3.4% of images of the same 
species being grouped together in one group, 42.1% spread across two groups, 35.2% 
across three groups and 19.3% across four groups. On average, I. alpestris and L. 
vulgaris were spread across 3.0 groups (median = 3, mode = 3), and L. helveticus and 
T. cristatus were spread across 2.4 groups (median = 2, mode = 2) (Fig. 5.5).  
 
 
Figure 5.5. Number of groups that participants (n = 22) split one species across. Each 
column shows the percentage of participants that allocated that species to one (black), 
two (dark grey), three (light grey) or four (white) different groups. 
 
5.5 Discussion 
This study examined the ability of novice participants (n = 22) to differentiate between 
four species with a simple image-sorting task. Using 80 uncontrolled images of newt 
species, participant perception of the number of species was higher than the four 
present, and ranged from four to 13 (Fig. 5.1). When the task was repeated with the 
knowledge that four species were present, 68% of participants improved their 
performance (Table 5.1), and grouping of images remained variable both within and 
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suggesting that categorising species on visual cues is linked to individual ability, 
although constrained choice resulted in improved species grouping overall. This study 
found variability between participants (Fig. 5.4), that all species were mistaken for 
another at some point (Fig. 5.2), but not necessarily in equal measure (Fig. 5.3), and 
that the how species were distributed across different groups was not uniform (Fig. 
5.5). 
 
Categorising species involves deciding whether organisms are the same or different, 
but distinction between species can be impaired by natural variation within species. 
The grouping of different species as the same species was most prevalent between the 
two newts in the genus Lissotriton, which may be expected in images of the most 
closely related newts, but confusion was observed across all species in a non-uniform 
way (Figs. 5.3, 5.4 and 5.5). This may have also been compounded by these taxa 
exhibiting sexual dichotomy. Secondary sexual characteristics are most prominent in 
males during the breeding season. However, these characteristics are not visible from 
all angles, or necessarily evident when the newt is out of water. Even if novice 
observers were aware of these factors, images are taken at different times of year and 
in a variety of contexts, and the even same individual can look different across the 
year, especially males. The presence of both inter- and intra-species variability may 
have made the images too difficult to interpret, but natural variability (see Jenkins et 
al. 2011), plus differences between image captures devices, is representative of the 
limitations encountered in field studies (Francesco et al. 2013; Swanson et al. 2015). 
Forensic face recognition studies show that participants sort images of the same 
unfamiliar face into several identities, but when informed how many identities are 
present, accuracy improves (e.g. Andrews et al. 2015). Notably, only one participant 
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(Participant 8 in Appendix 5.1) followed the pattern seen in face recognition studies, 
whereby images sorted into numerous groups in unconstrained choice are collated into 
fewer groups without those smaller groups changing. In this study, the nine groups 
created by Participant 8 were condensed into four groups with none of those groups 
changing, while all other participants split at least one of their unconstrained groups 
over more than one group in their constrained choice (Appendix 5.1) .Initially, 
research into unfamiliar face matching presented the viewer with 10 possible matches 
to the target identity, but more recent studies have used simple pairs of faces (Burton, 
White & McNeill). This has been as simultaneously presented pairs (as seen in 
chapters 2 and 3), or by using just two identities (Andrews et al.2015; Jenkins et al. 
2011; Zhou & Mondloch 2016). A repeat of the current study starting with two 
species, then increasing, would explore whether the number of species used as stimuli 
affects performance. In addition, repeating the constrained sorting task would 
investigate within participant consistency (Bindemann, Avetisyan & Rakow 2012), 
and whether exposure to variable photos of the same species improved subsequent 
choices (Andrews et al. 2015).  
 
Participants were unfamiliar with the model species, and just as unfamiliar faces are 
not processed as faces (Megreya & Burton 2006), it could follow that the stimuli were 
processed as animate objects rather than species. Differentiation between objects is an 
everyday behaviour (Lampert & Nickisch 2009), and knowing where same-different 
judgements become problematic would be of interest. Apart from one participant, all 
changed the composition of their original (unconstrained) groups, with some making 
IHZFKDQJHVZKLOHRWKHUVVSOLWLPDJHVLQLWLDOO\SHUFHLYHGDVWKHµVDPH¶DFURss four 
different groups under constrained choice (Appendix 5.1). Asking participants to 
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explain what made the species same or different could highlight how images were 
being categorised, and which visual elements were important in making decisions (e.g. 
shape, colour, and markings). This study could also be repeated with images that have 
been manipulated to show subjects that correspond in aspect, scale and context, to 
investigate if standardising ambient images improved performance.  
 
This task considered stimuli images to be correctly identified. However, they may 
incorporate an element of error, and the difficulties of testing species identification 
experimentally are discussed in Chapter 4. However, the task in Chapter 4 used the 
same stimuli as this task, and those expert participants did not reach consensus on the 
majority of the images, meaning that even those familiar with these taxa cannot agree 
on species names from images alone. Experts have proven skills or are perceived as 
more knowledgeable, and are therefore approached for advice (Chi 2006). While 
some experts are aware of their limitations (Chi 2006), and can be cautious in 
committing to identification from images (Chapter 2), there is some expectation that 
experts should be able, or willing, to accurately identify or validate species without a 
specimen. Chapter 2 showed that even under optimised conditions, there is 
uncertainty in accurate species identification, and although the images used in this 
WDVNFRQWDLQPRUHµQRLVH¶WKH\DUHPRUHUHSresentative of the vast amount of images 
being gathered by electronic means and used in citizen science projects (e.g. Swanson 
HWDO+RZHYHUDQLQLWLDOVRUWLQJRILPDJHVPD\SURYLGHDQLPSRUWDQWµILUVW
VWHS¶VLPLODUWRSDUDWD[RQRP\DVWKHLQFUHDse in image related technology used to 
conserve biodiversity (Pimm et al. 2015), is asking more of expert communities that 
are limited by size and time constraints. 
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Although unconstrained choice creates opportunity for novel observations, intra-
species variation leads to errors in recognising how many species are present. Even the 
constrained conditions of choice between just four species from the same family 
resulted in confusion between species. Furthermore, the species that comprised the 
µQRQ-PDMRULW\¶part of the four chosen groups were not reciprocal between species and 
choice was highly variable between participants. This simple sorting task shows that 
ability to group images by species was consistent for both tasks, but constrained 
choice showed overall improvement in performance. This suggests that image sorting 
by participants unfamiliar with the subject taxa be improved by limiting choice, but 
needs further exploration. In practice, the task of identification lies somewhere 
between constrained and unconstrained. Species that are new to science are still being 
discovered, both in the field and during similar sorting tasks in collections, such as in 
herbaria. Furthermore, factors such as climate change affect species distribution, 
resulting in species arriving in areas where they were previously unknown, plus the 
detection of novel, invasive species. 
 
This task shows that same-different judgements are highly variable, both between 
individual participants and across species within the same family. Future work on 
different taxa and repetition of the constrained part of the task could provide further 
insight to patterns in same-different judgements and consistency in those choices. 
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Appendix 5.1 




number and percentage. The final column shows how many new groups the images in 
each unconstrained group was resorted into, i.e. one means that image choice was 










1 2 3 4  1 2 3 4 
 
1 1 1 0 0 19  0.05 0.00 0.00 0.95 2 
 
2 1 6 5 1  0.08 0.46 0.38 0.08 4 
 
3 0 18 6 1  0.00 0.72 0.24 0.04 3 
 
4 8 2 5 7  0.36 0.09 0.23 0.32 4 
  
10 26 16 28  
    
 
      
 
     
2 1 15 1 0 0  0.94 0.06 0.00 0.00 2 
 
2 0 19 0 0  0.00 1.00 0.00 0.00 1 
 
3 0 0 15 0  0.00 0.00 1.00 0.00 1 
 
4 0 8 1 7  0.00 0.50 0.06 0.44 3 
 
5 1 0 0 13  0.07 0.00 0.00 0.93 2 
  
16 28 16 20  
     
      
 
     3 1 0 17 10 0  0.00 0.63 0.37 0.00 2 
 
2 12 0 1 2  0.80 0.00 0.07 0.13 3 
 
3 0 0 9 0  0.00 0.00 1.00 0.00 1 
 
4 0 0 2 10  0.00 0.00 0.17 0.83 2 
 
5 7 0 5 5  0.41 0.00 0.29 0.29 3 
  
19 17 27 17  
     
  
    
 
     
4 1 3 0 0 1  0.75 0.00 0.00 0.25 2 
 
2 3 3 0 3  0.33 0.33 0.00 0.33 3 
 
3 1 0 1 2  0.25 0.00 0.25 0.50 3 
 
4 8 5 3 2  0.44 0.28 0.17 0.11 4 
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5 3 1 1 1  0.50 0.17 0.17 0.17 4 
 
6 5 2 3 8  0.28 0.11 0.17 0.44 4 
 
7 1 5 7 2  0.07 0.33 0.47 0.13 4 
 
8 3 2 0 1  0.50 0.33 0.00 0.17 3 
 
 
27 18 15 20  
     
      
 
     
5 1 0 0 1 4  0.00 0.00 0.20 0.80 2 
 
2 0 0 1 1  0.00 0.00 0.50 0.50 2 
 
3 4 0 1 0  0.80 0.00 0.20 0.00 2 
 
4 3 1 1 2  0.43 0.14 0.14 0.29 4 
 
5 0 6 1 0  0.00 0.86 0.14 0.00 2 
 
6 1 0 0 8  0.11 0.00 0.00 0.89 2 
 
7 0 0 3 0  0.00 0.00 1.00 0.00 1 
 
8 11 1 0 1  0.85 0.08 0.00 0.08 3 
 
9 0 6 2 1  0.00 0.67 0.22 0.11 3 
 
10 2 2 5 0  0.22 0.22 0.56 0.00 3 
 
11 1 0 5 5  0.09 0.00 0.45 0.45 3 
  
22 16 20 22  
    
 
      
 
     6 1 3 12 3 1  0.16 0.63 0.16 0.05 4 
 
2 1 0 0 3  0.25 0.00 0.00 0.75 2 
 
3 2 0 1 1  0.50 0.00 0.25 0.25 3 
 
4 3 2 4 2  0.27 0.18 0.36 0.18 4 
 
5 2 1 0 10  0.15 0.08 0.00 0.77 3 
 
6 0 0 1 3  0.00 0.00 0.25 0.75 2 
 
7 1 1 0 5  0.14 0.14 0.00 0.71 3 
 
8 5 1 0 0  0.83 0.17 0.00 0.00 2 
 
9 11 1 0 0  0.92 0.08 0.00 0.00 2 
  
28 18 9 25  
     
      
 
     
7 1 0 0 1 0  0.00 0.00 1.00 0.00 1 
 
2 1 2 3 0  0.17 0.33 0.50 0.00 3 
 
3 19 0 0 0  1.00 0.00 0.00 0.00 1 
 
4 0 5 18 0  0.00 0.22 0.78 0.00 2 
 
5 1 0 0 2  0.33 0.00 0.00 0.67 2 
 
6 3 0 2 10  0.20 0.00 0.13 0.67 3 
 
7 0 0 0 2  0.00 0.00 0.00 1.00 1 
 
8 0 1 2 2  0.00 0.20 0.40 0.40 3 
 
9 0 6 0 0  0.00 1.00 0.00 0.00 1 
  
24 14 26 16  
     
      
 
     8 1 0 6 0 0  0.00 1.00 0.00 0.00 1 
 
2 0 7 0 0  0.00 1.00 0.00 0.00 1 
 
3 9 0 0 0  1.00 0.00 0.00 0.00 1 
 
4 0 7 0 0  0.00 1.00 0.00 0.00 1 
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5 0 0 15 0  0.00 0.00 1.00 0.00 1 
 
6 0 0 1 0  0.00 0.00 1.00 0.00 1 
 
7 7 0 0 0  1.00 0.00 0.00 0.00 1 
 
8 0 0 0 12  0.00 0.00 0.00 1.00 1 
 
9 16 0 0 0  1.00 0.00 0.00 0.00 1 
  
32 20 16 12  
     
      
 
     9 1 1 0 10 0  0.09 0.00 0.91 0.00 2 
 
2 3 1 1 0  0.60 0.20 0.20 0.00 3 
 
3 0 0 0 18  0.00 0.00 0.00 1.00 1 
 
4 1 19 0 1  0.05 0.90 0.00 0.05 3 
 
5 20 0 5 0  0.80 0.00 0.20 0.00 2 
  
25 20 16 19  
     
      
 
     
10 1 0 6 5 0  0.00 0.55 0.45 0.00 2 
 
2 15 0 1 1  0.88 0.00 0.06 0.06 3 
 
3 0 2 0 0  0.00 1.00 0.00 0.00 1 
 
4 0 0 3 2  0.00 0.00 0.60 0.40 2 
 
5 1 3 1 0  0.20 0.60 0.20 0.00 3 
 
6 0 0 0 7  0.00 0.00 0.00 1.00 1 
 
7 1 0 2 2  0.20 0.00 0.40 0.40 3 
 
8 0 1 0 7  0.00 0.13 0.00 0.88 2 
 
9 0 0 0 5  0.00 0.00 0.00 1.00 1 
 
10 0 1 0 10  0.00 0.09 0.00 0.91 2 
 
11 0 0 1 1  0.00 0.00 0.50 0.50 2 
 
12 0 1 0 0  0.00 1.00 0.00 0.00 1 
 
13 0 0 1 0  0.00 0.00 1.00 0.00 1 
  
17 14 14 35  
     
      
 
     
11 1 3 13 0 0  0.19 0.81 0.00 0.00 2 
 
2 0 0 6 3  0.00 0.00 0.67 0.33 2 
 
3 0 0 13 3  0.00 0.00 0.81 0.19 2 
 
4 20 6 0 13  0.51 0.15 0.00 0.33 3 
  
23 19 19 19  
    
 
      
 
     
12 1 13 2 1 1  0.76 0.12 0.06 0.06 4 
 
2 13 1 2 4  0.65 0.05 0.10 0.20 4 
 
3 5 2 0 6  0.38 0.15 0.00 0.46 3 
 
4 3 4 4 6  0.18 0.24 0.24 0.35 4 
 
5 4 5 3 1  0.31 0.38 0.23 0.08 4 
  
38 14 10 18  
     
      
 
     
13 1 2 2 2 16  0.09 0.09 0.09 0.73 4 
 
2 1 1 11 0  0.08 0.08 0.85 0.00 3 
 
3 1 0 0 11  0.08 0.00 0.00 0.92 2 
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4 3 16 0 1  0.15 0.80 0.00 0.05 3 
 
5 12 0 0 1  0.92 0.00 0.00 0.08 2 
  
19 19 13 29  
     
      
 
     
14 1 20 0 0 0  1.00 0.00 0.00 0.00 1 
 
2 4 0 12 0  0.25 0.00 0.75 0.00 2 
 
3 0 3 0 16  0.00 0.16 0.00 0.84 2 
 
4 0 4 4 0  0.00 0.50 0.50 0.00 2 
 
5 0 11 3 3  0.00 0.65 0.18 0.18 3 
  
24 18 19 19  
     
      
 
     
15 1 17 0 0 0  1.00 0.00 0.00 0.00 1 
 
2 1 1 0 0  0.50 0.50 0.00 0.00 2 
 
3 0 5 1 0  0.00 0.83 0.17 0.00 2 
 
4 1 0 2 0  0.33 0.00 0.67 0.00 2 
 
5 0 0 10 0  0.00 0.00 1.00 0.00 1 
 
6 0 0 1 0  0.00 0.00 1.00 0.00 1 
 
7 0 20 0 0  0.00 1.00 0.00 0.00 1 
 
8 0 0 0 4  0.00 0.00 0.00 1.00 1 
 
9 0 4 0 13  0.00 0.24 0.00 0.76 2 
  
19 30 14 17  
     
      
 
     
16 1 17 0 2 0  0.89 0.00 0.11 0.00 2 
 
2 0 0 0 18  0.00 0.00 0.00 1.00 1 
 
3 2 0 21 0  0.09 0.00 0.91 0.00 2 
 
4 0 19 0 1  0.00 0.95 0.00 0.05 2 
  
19 19 23 19  
    
 
      
 
     
17 1 0 0 13 0  0.00 0.00 1.00 0.00 1 
 
2 0 0 0 11  0.00 0.00 0.00 1.00 1 
 
3 0 7 0 1  0.00 0.88 0.00 0.13 2 
 
4 0 7 0 0  0.00 1.00 0.00 0.00 1 
 
5 0 7 0 0  0.00 1.00 0.00 0.00 1 
 
6 0 1 0 6  0.00 0.14 0.00 0.86 2 
 
7 0 4 0 1  0.00 0.80 0.00 0.20 2 
 
8 19 0 0 3  0.86 0.00 0.00 0.14 2 
  
19 26 13 22  
     
      
 
     
18 1 0 0 0 5  0.00 0.00 0.00 1.00 1 
 
2 0 0 0 9  0.00 0.00 0.00 1.00 1 
 
3 0 0 1 8  0.00 0.00 0.11 0.89 2 
 
4 0 0 20 1  0.00 0.00 0.95 0.05 2 
 
5 0 16 0 0  0.00 1.00 0.00 0.00 1 
 
6 20 0 0 0  1.00 0.00 0.00 0.00 1 
  
20 16 21 23  
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19 1 11 2 0 1  0.79 0.14 0.00 0.07 3 
 
2 0 13 1 0  0.00 0.93 0.07 0.00 2 
 
3 0 2 7 1  0.00 0.20 0.70 0.10 3 
 
4 0 0 0 17  0.00 0.00 0.00 1.00 1 
 
5 23 0 2 0  0.92 0.00 0.08 0.00 2 
  
34 17 10 19  
     
      
 
     
20 1 0 12 0 1  0.00 0.92 0.00 0.08 2 
 
2 0 14 1 0  0.00 0.93 0.07 0.00 2 
 
3 5 0 2 0  0.71 0.00 0.29 0.00 2 
 
4 0 0 12 0  0.00 0.00 1.00 0.00 1 
 
5 15 0 2 0  0.88 0.00 0.12 0.00 2 
 
6 0 3 0 13  0.00 0.19 0.00 0.81 2 
  
20 29 17 14  
     
      
 
     
21 1 2 12 0 2  0.13 0.75 0.00 0.13 3 
 
2 5 3 0 20  0.18 0.11 0.00 0.71 3 
 
3 2 0 0 6  0.25 0.00 0.00 0.75 2 
 
4 10 0 0 0  1.00 0.00 0.00 0.00 1 
 
5 1 0 4 0  0.20 0.00 0.80 0.00 2 
 
6 0 0 11 2  0.00 0.00 0.85 0.15 2 
  
20 15 15 30  
     
      
 
     
22 1 0 0 18 0  0.00 0.00 1.00 0.00 1 
 
2 0 6 0 0  0.00 1.00 0.00 0.00 1 
 
3 0 13 0 1  0.00 0.93 0.00 0.07 2 
 
4 0 9 0 3  0.00 0.75 0.00 0.25 2 
 
5 20 0 0 0  1.00 0.00 0.00 0.00 1 
 
6 0 0 0 10  0.00 0.00 0.00 1.00 1 
  
20 28 18 14  
     
      
 








Many thanks helping with this survey. The survey is anonymous, but we would like to 
gather some information about you.  
 
Do you agree to participate in this survey? Yes  No 
 
1. What is your gender?  
Female  Male  Other  
 
2. What is your age? 
 
3. Do you consider yourself to have normal vision?  
Yes  No, but my vision is corrected to normal with glasses or contact 
lenses No, I have a visual impairment  
 
4. Have you ever seen a newt?  
Yes  Do you know what species?  No 
 
5. Have you ever handled a newt?  
Yes  Do you know what species?  No 
 
6. How do you rate your ability at identifying species? 
Very bad Bad  Neither good nor bad  Good Very good 
 
7. How do you rate your ability at identifying amphibians? 
Very bad Bad  Neither good nor bad  Good Very good 
 
Thank you very much for answering these questions and participating in the 
survey.  




Giraffe or prate? @teenybiscuit 
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Chapter 6.  
 
6 General Discussion 
This thesis aimed to investigate patterns and processes in species identification. As the 
first in-depth study of its kind, methods widely used in forensic face recognition were 
applied to images of species. Not only do the findings in this thesis demonstrate 
parallels with the outcomes of face matching tasks, but also show that there is more to 
learn from this area of psychology. Each task showed that based on visual cues alone, 
accuracy and consistency in species identification varied both within (i.e. inconsistent 
decisions on the same stimuli in chapter 2) and between participants (i.e. a range of 
judgements in all tasks). There was also a lack of uniformity across species for each 
task. Furthermore, this variation in accuracy was further reflected across all levels of 
experience and expertise with the model taxa, whether stimuli were presented under 
optimised conditions (i.e. simultaneously as pairs without context in chapters 2 and 3), 
or as ambient images (i.e. non-manipulated images presented concurrently in chapters 
4 and 5). This evidence shows that this interdisciplinary approach has been 
informative, and that further investigation into these differences is warranted. 
 
6.1 Contributions to knowledge and applications 
It is widely acknowledged that high quality data is critical for effective decision-
making, yet the accuracy of species observations is rarely discussed. Despite the 
widespread use of species data, individual ability to accurately identify species is 
generally unknown, untested and assumed, rather than based on proven performance. 
The tasks conducted in this thesis showed variation in individual ability of both 
experts and non-experts, that accuracy is independent of experience, and that experts 
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do not always agree. These findings demonstrate a need for identification abilities to 
be ascertained for monitoring purposes, and encompassed in discussion about data bias 
and error. Some expert participants noted that experienced observers are aware of their 
own limitations, yet few studies draw attention to the perceived or tested competency 
of those collecting species data, even though these data inform important decisions in 
research, policy, and planning. There is also little mention of how identification is 
made. For example, do experienced observers rely on prior knowledge, or do they 
refer to identification guides? If identification aids have been consulted, naming them 
could help with repeatability. Have those data have been validated, and by whom? 
Species data is collected in a way that suits the needs of the recorder (nbn.org.uk), and 
there are a variety of databases to which these records can be added (see section 1.5.1).  
These data may already be verified (ensuring the accuracy of the identification) or 
validated (probability of the record being correct), but these are not necessarily 
requirements for submission (see nbn.org.uk for case studies). Comprehensive 
metadata for individual datasets may help the end user identify any perceived 
knowledge gaps in that data. 
 
While bias in biological recording is well known (Isaac & Pocock 2015), error in 
identification accuracy is rarely discussed. For example, when authors have collected 
data on species observations, have their records been validated by another person? 
Equally, some monitoring programmes incorporate data from different sources (Ruiz-
Gutierrez et al. 2016), but if these data are used in a scientific study, have the authors 
made an a priori assumption that species observations are 100% accurate? 
Furthermore, there is little mention of acceptable levels of accuracy or margins of 
error. When research is conducted using data obtained from publicly accessible 
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datasets, metadata provided with datasets may provide end users with information that 
could help them to ascertain a level of confidence in the data they download, but some 
large datasets are from numerous sources (e.g. NBN Gateway). Given that biological 
records provide data for research in a number of biological disciplines (Powney & 
Isaac 2015), as well as modelling to fill data gaps and model species across spatial or 
temporal scales (Evans et al. 2016; Joppa et al. 2016), a discussion around possible 
identification error in the data would be prudent. This should, however, be considered 
on a case-by-case basis, as accuracy is not uniform across participants or taxa. These 
discussions should also remain fluid, as rapid advancements in technology mean that 
methods of species identification are likely to develop in different, and perhaps 
unpredictable ways.  
 
Historically, species identification would have been conducted by a small number of 
specialists, and taken place in the field or by collecting specimens. However 
improvements in technology have allowed a wider audience to participate in data to 
participate in data collection, and collection, and provide large amount of data, 
especially as images (Pimm et al. 2015). However, this thesis shows that data collected 
in this manner is not without its own limitations. Whether photographs, satellite 
imagery, or footage from devices such as camera phones or drones, images captured in 
this manner can be highly variable (Jenkins et al. 2011). The identification process is 
often a binary choice of an unknown specimen being one species or another. However, 
LQSUDFWLFHMXGJHPHQWVDUHPRUHDNLQWRD%D\HVLDQµPRUHDOLNH¶RUµOHVVDOLNH¶
process, and perhaps observations should include confidence levels (see Wilkinson & 
Evans 2009). Chapter 2 showed that experts are more likely to acknowledge 
uncertainty in their decisions, as communicated by participants during the study, as 
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ZHOODVLQUHSOLHVWRµWZHHWV¶RIWKHSDSHUVIURPWKLVFKDSWHU (Austen et al. 2016). For 
example, one participant noted ³I have answered 'don't know' for quite a lot of 
pairings - perhaps unhelpfully. This reflects my personal approach to ID caution and 
experience of plasticity, which may vary between 'experts'. Perhaps there should be 
one or two more options to split the 'don't knows' into e.g. the 'insufficient knowledge 
don't knows' and the 'knowledgeable don't knows' who appreciate both possibilities of 
same and different species´ (pers. comm. 24/7/2014). However, such a cautious 
approach raises the issue of how to treat disputed records. Discounting observations 
may appear to be a waste of data, but the inclusion of ambiguous observations may 
lead to the wrong conclusions (Solow et al. 2012). An acceptable rate of identification 
error depends on the aims of the research. 
 
The level of expected or accepted error in species identification should be considered 
during the design phase of any study involving observation data. In forensic face 
matching, the security aspect makes accuracy of great importance, and 
misidentification can have serious repercussions (Jenkins and Burton 2008b). 
However, although a high level of accuracy is preferable in most scenarios, it may not 
be paramount in species identification and situation dependent. Face matching 
literature notes that human identification is fallible, and compounded by people 
thinking that they are face experts (see Johnston & Edmonds 2009). Conversely, as 
noted above, some species recorders are aware of their limitations. How species data 
will be used should provide an indication of acceptable levels of error. For example, 
chapter 4 showed a notable lack of agreement for Lissotriton helveticus and L. 
vulgaris, which is important if data collected are used to determine populations and 
distributions, especially for modelling purposes (Costa et al. 2015). However, if 
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surveying for development work, neither would trigger mitigation measures and any 
confusion would not be problematic for the outcomes of the survey. Conversely, 
observing any bat flying out of a building will be important if surveying for 
development as all bats (Order: Chiroptera) are fully protected under UK law 
(www.gov.uk, 2017). However, such a general observation may not be informative if 
species numbers and distributions are being determined. There is also the 
consideration of whether the observer is expected to possess good identification skills. 
 
Chapters 2 and 4 indicated that despite possible expectations, experience is no 
guarantee of accuracy when identifying species from images. It is also irrespective of 
self-perceived identification ability. This mirrors findings from face recognition 
studies where neither forensic police officers (Burton et al. 1999) nor passport officers 
(White et al. 2014) were more accurate than other participants for unfamiliar faces. 
Perhaps the question is where the expertise lies. The similarity in identification rates 
between experts and non-experts in chapter 2 should not detract from skills that the 
expert participants have. Their species knowledge may lie with knowing the habitats 
favoured by certain bumblebees, their food sources, mating habits, etc. Unlike the face 
matching research, participant familiarity with bumblebee species did not match the 
same species using different illustrations, but it may be that these specialists are so 
used to handling specimens, that images do not provide the cues that they rely on. As 
ZLWKWKHFRLQLQJRIWKHWHUPµVXSHU-UHFRJQLVHUV¶DQGWKHLUUHFUXLWPHQWWRIRUHQVLFIDFH
matching roles (Russell, Duchaine & Nakayama 2009; Bobak, Hancock & Bate 2016), 
it could be that the expertise lies in the ability to accurately match different images of 
the same individual or species. The individual ability to consistently identify 
unfamiliar faces with high accuracy has led to the Metropolitan Police recruiting 
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super-recognisers from their ranks (Robertson et al. 2016). In accordance with this 
application of skills, perhaps the ability to identify whether species are the same or 
different is independent of a specialist knowledge with the model taxa, as seen in 
chapters 3 and 5. One study found that a small group of face image experts 
outperformed the public (Wilkinson & Evans 2009), but these results compared 
averages from each group, whereas this thesis show that individual scores are much 
more informative. 
 
This research also shows that while experience can provide a healthy level of doubt 
when naming species, accurate species identification is not solely the domain of 
experts. Moreover, the results in chapter 4 indicate that perception of identification 
skills may not match actual ability, or be the same in every situation (e.g. differences 
in accuracy when identifying specimens rather than images). These are important 
consideration when using data to inform policy. Many policies that affect the 
environment, such as those related to pollution control, agriculture, fisheries and 
wildlife, originate in European Union (EU) legislation. With the proposed changes to 
EU membership, this legislation will be reviewed and decisions on whether to retain, 
amend, or abandon these policies will be influenced by evidence made available to 
policy makers. Data and statistics are frequently used to both direct and object to 
policy decisions, and are sometimes sought within a short time period. It is imperative 
that any new or reformed policies are based on robust, reliable information, whether 
from professional or amateur datasets. 
 
6.1.1 Training in species identification 
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Whether heuristically or as part of a structured programme, the process by which 
people learn to identify species is likely to involve training. Training courses vary in 
their delivery and outcomes, but their effectiveness is sometimes measured by a test on 
completion. However, learning can also be unintentional and happen even when little 
attention is being paid (Shanks 2005), and participants on a training course may be 
unaware of their own abilities. Testing participants before and after training may be 
more informative in assessing improvements in the skills of individuals, as well as the 
efficacy of course. Learning about species generally involves more than just visual 
identification as tested in this thesis, for example typical habitat, distribution, and 
behaviour. However, training needs to be appropriate to participant ability and 
objectives, and training material should reflect this. For example, an image under 
optimised conditions does not represent field conditions, but when used to identify an 
isolated specimen (e.g. a bumblebee caught temporarily in a tube and placed against 
white paper), this type of image may be an effective training tool. Although 
identification by this process is restricted, images with context can prove highly 
informative. However, this additional information can also bias decisions on 
identification process, and a correct identification may be discounted if the image 
background is not typically associated with that species (Gibbon, Bindemann & 
Roberts 2015). 
 
With regards to general identification guides and keys, a certain level of expertise is 
required to write them, but how accessible they are to those with less experience is not 
DOZD\VFOHDU$UHFHQW7ZLWWHUHQWU\UHDGV³7HVWWKHNH\«ZRUNVZHOO0HQWRU
suggests we WHVWZLWKµLQWHOOLJHQWLJQRUDPXV¶± VRPHRQHZKRGRHVQ¶WDOUHDG\NQRZ
ZKDWLWLV.H\IDLOV´0DWW.HHYLO7ZLWter 19/5/17). This draws some parallels with 
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industry, where a lack of usability training means that some people are being asked to 
use or advise on products which they do not fully understand (Rubin and Chisnell 
2008), Part of the learning process for any novice is to discover which guides work for 
them. Wider accessibility to electronic guides, plus the number of online platforms and 
websites related to species identification, provide more information but do not 
necessarily improve understanding. However, the Internet allows recommendations 
and reviews on identification guides to be sought, and uncertainty in identification 
discussed widely. 
 
6.1.2 Undetected factors and influences 
The tasks in this thesis required participants to make same-different judgements on 
stimuli presented under different conditions. In chapters 2 and 3, model taxa had the 
same body plan, a limited range of colours, and variation in stripes (if at all), and were 
presented whole, without context and from the same perspective. The taxa in chapters 
4 and 5 were presented as both whole and part organisms, in context, and from a range 
of perspectives. As every task demonstrated variation in judgements as to whether 
images were of the same species, the extent to which shape and colour are involved in 
decision-making processes warrants further investigation. Research into same-
different judgements on shape and colour found that for 16 animals (including 
pineapple, orange, avocado, grapes, and peppers) and 16 fruits and vegetables 
(including dog, rabbit, shark, lion, and giraffe), identification became more difficult 
when shape was altered rather than colour (Scorolli & Borghi 2015). Further studies 
with manipulated images of organisms (e.g. outline only, greyscale, or incorrect 
colouration) could further investigate the influence of colour over shape. Also, the 
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perception of colour against varying backgrounds, or under different lighting 
conditions is worth exploring. 
 
There are also other cues that may influence species identification. Although vision is 
the primary mode of percept (Kaspar 2013), visual species identification may be 
influenced by the simultaneous presentation of other stimuli, for example sound or 
odour. A recent study showed that adolescents with impaired hearing were better at 
visual processing than their counterparts with unimpaired hearing (Megreya & 
Bindemann 2017). Decisions may also be influenced by ambient or defined sounds, 
and odours (Wilson & Stevenson 2003). A task comparing accuracy between purely 
visual and multisensory identification could explore this, testing both match (same 
species) and mismatch (different species) visual and auditory cues. Also, the influence 
of seemingly peripheral cues, such as image context (e.g. habitat or other species) or 
information provided by identification guides is worth exploring. 
 
6.1.3 The economics of accurate identification 
As previously discussed, accuracy in species identification can have far reaching 
consequences, with misidentification potentially affecting human well-being and the 
economy. Training or recruiting people in species identification will involve some 
expenditure, and while this may not be a priority in budgetary terms, this lack of 
investment could prove costly. In this context, the expense of targeted, effective 
training should be balanced with the socio-economic costs of not training 
identification abilities. Moreover, this should not be decided in relation to whether 
species observations are made by volunteers or professionals, but how the data will be 
applied and which decisions it will inform. For example, some citizen science projects 
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are mainly aimed at public participation and benefit local communities, whereas as 
others collect data which show trends in species numbers and are used as evidence 
(e.g. managements plans and policy). Conversely, data collected by professional 
ecologists PD\RQO\HYHUDSSHDULQDFOLHQW¶VUHSRUWDQGQRZKHUHHOVHGiven the 
variability in identification accuracy both between individuals and species, the 
findings in this thesis suggest that in addition to training, identification skills should be 
tested. Moreover, training and testing should be targeted, conducted with a variety of 
taxa, and should include more than one image of the same species or individual. For 
example, training for a crowd-sourced camera trap study on individuals within a 
population will differ from that required by customs officials looking for CITES 
species. In conservation science, expert knowledge is widely used, but its reliability 
depends on the rigour with which it is acquired (Martin et al. 2012). There are 
organisations that draw together expertise to resolve environmental problems and 
evaluate the outcomes of environmental decisions. These collectives, such as the 
Centre of Excellence for Biosecurity Risk Analysis (http://cebra.unimelb.edu.au) and 
the ARC Centre of Excellence for Environmental Decisions (http://ceed.edu.au), 
advocate the optimal use of information and data. Likewise, the accuracy and 
effectiveness of species data used as evidence in management, planning, and policy 
should be assessed and evaluated. 
 
6.2 Practical considerations and limitations 
The application of methods from face recognition studies provided novel insights, as 
well as challenges similar to those faced in that research. Testing accuracy in species 
identification also requires the correct balance between controlled laboratory and field 
conditions. Field observations are made on organisms that may be moving, possibly 
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partially obscured, sometimes with time constraints, and for species that exhibit 
different characteristics at different life stages. However, to include all of these factors 
in the study design would make results difficult to interpret. Species are identified 
under a range of condition, for example as live specimens, in museum collections, or 
from images and video footage. Nonetheless, the findings in this thesis show that on 
visual cues alone, accurate identification is highly variable and non-uniform. 
 
As with any study that recruits volunteers, recruitment of participant warrants 
discussion. As the tasks were based on visual cues, there was no a priori reason to 
select volunteers on anything but having normal, or corrected-to-normal vision. For 
expert participation in chapters 2 and 4, volunteers were recruited via specialist 
conservation organisations. Non-expert volunteers were mainly recruited via DICE, 
and in chapter 3, the majority of volunteers were from the School of Psychology, 
where students must earn course credits by participating in a study of their choice. 
Unless there is a sufficient budget to pay a company to recruit participants, survey 
volunteers are likely to revolve around the network of those delivering the tasks. 
Motivations for participation are personal, examples being making a difference or a 
positive contribution to society (Hobbs & White 2012). Although chapter 2 found that 
non-experts interested in biodiversity and conservation did not outperform other non-
experts, links between positive attitudes towards the natural world, identification and 
confidence in decisions warrant further research. This thesis has discussed the 
contribution of amateur naturalists in terms of knowledge and recording, but this is 
only part of the story. Support for nature conservation can be found in membership of 
local, national and international organisations that aim to protect wildlife in general 
(e.g. Wildlife Trusts, World Wildlife Fund) and specific taxon groups (e.g. BirdLife 
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International, Plantlife). Furthermore, the human benefits of interacting with the 
natural world can be measured, such as the Connectedness to Nature Scale (Mayer and 
Frantz 2004), and this may be another motivation that affects accurate identification.  
 
6.2.1 Technology 
Emerging technologies have revolutionised how we view the world, creating new 
insights and new challenges (Pimm et al. 2015). The increased use of remote sensing 
has resulted in volumes of images that require processing, and this has given rise to 
initiatives through which the identification of species is being aided by crowdsourcing 
(Silvertown et al. 2015; Swanson et al. 2015; Daume & Galaz 2016; Chandler et al. 
2017). This approach helps plug knowledge gaps, but has limitations (Verma, van der 
Wal & Fischer 2016) as shown in chapters 4 and 5. Although images do not 
necessarily offer the same information as seeing an organism in-situ, digital images 
can be stored, shared and viewed equally by all. For example, an image can visually 
support an observation, can be shared among experts for verification, and can be 
retrieved at a later date, unlike verbal or written description, which may differ between 
individuals describing the same observation. Moreover, technology can also be used to 
improve identification accuracy by making images more general. For example, face 
matching research shows that accuracy improves when several images of an individual 
are merged to create an µDYHUDJH¶LPDJH (Jenkins & Burton 2011; Taubert, Weldon & 
Parr 2016). As chapter 2 shows, images of the same species from different guides vary 
enough to appear to be different species, the creation of an µDYHUDJH¶ image of a 
species may help with identification. There is also the option of distorting a single 
image to simulate possible variations (Macleod, 2¶Neill & Walsh 2007). 
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Following advances in technology, there has also been a call for automated 
identification (Gaston & 2¶1HLOO0DF/HRG%HQILHOG & Culverhouse 2010). 
Although an understanding of the mechanisms behind the visual processing may aid 
automated identification, it is unlikely to depend upon it. Work on automated taxon 
identification is based on objectifying or transcribing an organism into a shape that can 
be subjected to mathematical analysis (e.g. Fourier). Examples of automatic 
identification in non-human species include plants (Barré et al. 2017), plankton 
(Benfield et al. 2007), and wasps 0DF/HRG2¶1HLOO & Walsh 2007). However, 
despite the increasing use of technology for the purposes of security, accuracy of 
automated face recognition devices remains poor (Burton & Jenkins 2011). Neither 
humans nor machines are good at matching photographs to a face (Jenkins & Burton 
2008; Bindemann & Burton 2009), although recent literature found that computers are 
superior at matching frontal photographs, and humans are superior at more difficult 
images (Phillips & 2¶7RROH. Accuracy in automatic identification is likely to be 
a result of improving algorithms and large training sets rather than an understanding of 
visual cues in identification. Although conspecifics can vary greatly in appearance, 
this technology may be able to help with the identification of individual animals. 
 
6.3 Further applications of psychology in understanding species identification  
The application of methods from forensic face recognition studies has been highly 
informative to understanding accuracy in species identification. This thesis has only 
applied a few methods, and there are more lessons to be learned from this area of 
research. For example, one widely used method that could provide a wealth of 
information is the use of eye tracking equipment. This technology explores the 
REVHUYHU¶VH\HPRYHPHQWVDQGSURYLGHVLQIRUPDWLRQ regarding the mechanisms behind 
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visual searches (Duchowski 2007; Eckstein 2011). Eye tracking is successfully used in 
other domains, for example how radiologists with different levels of experience view 
chest images (Fig. 6.1) (Manning et al. 2006). This study found that experienced and 
inexperienced observers had distinctly different search strategies. As well as being of 
general interest to the process of species identification, repeating chapter 2 using eye-
tracking technology could investigate whether observers with different expertise 
showed patterns in their visual coverage. The simultaneous collection of qualitative 
data in such an experiment may also prove useful. A comparison between what 
observers thought they were looking at (e.g. shape, body composition, colour, 
markings etc.), and where they were actually looking could provide information on the 
cognitive process of visual identification. 
 
Figure 6.1 An example of how eye tracking is used in medical training investigated 
how observers with different levels of experience searched a chest image: (left) images 
were divided into 14 zones with nodules of interest (shaded discs); (right) shows that 
experienced radiologists do not examine large areas of the image. (From Manning et 
al. 2006) 
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6.4 Closing remarks 
Species are crucial for studying a range of subjects, for example ecology, biodiversity, 
evolution, agriculture and evolution, as well as used for dating strata (Hohenegger 
2014). Furthermore, species identification has a large part to play in society, and is 
especially important to those for whom understanding of nature is inherent to their 
livelihoods (Shipman & Boster 2008). An understanding of species numbers, 
distributions and interactions are imperative in many biological disciplines, this 
information needs to be as accurate as possible.  The research in this thesis has drawn 
on different disciplines and provided a different perspective to investigating the 
process of species identification. Interdisciplinary research in academia has become 
more prevalent in recent years (Jacobs 2014), but the amalgamation of knowledge 
from different disciplines should not be restricted to the perimeters of academic 
institutions. The use of methods from face recognition research has produced findings 
that may aid training courses run by NGOs, and the application of other social science 
research may help at local levels. For example, decisions on managing nature reserves 
could benefit from understanding who visits the reserve, their motivations, and their 
perceived benefits of doing so (Keniger et al. 2013). 
 
This thesis found that species identification is not the domain of experts, experience is 
no guarantee of accuracy, and that intra-specific and inter-specific variation is not 
uniform. These outcomes draw many parallels with face recognition research, and 
suggest that novel approaches to existing questions can further our understanding of 
patterns and processes in the natural world. Environmental problems are responsible 
for some of the greatest challenges faced by humans in the world today (Dillon 2016). 
Biodiversity loss, food insecurity, the impact of invasive species and the effects of 
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climate change, as well as these factors combined, have beHQGHHPHGDVµZLFNHG¶
problems, which are difficult to comprehend, define or resolve (Termeer, Dewulf & 
Breeman 2013; Strassheim 2015; Dillon 2016). Addressing and resolving such 
problems requires input from a range of specialists (Ellwood et al. 2016), not only to 
break these elements down into workable components, but also to research, deliver 
and communicate possible solutions. The hope is that this thesis provides information 
that could help ameliorate this process. 
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